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INTRODUCTION TO THE THIRD EDITION 


The author wishrs ap:ain to omphasizc tlio gonoralization, 
or rule, which he believes should ffiiide those who wish to experi¬ 
ment in the alloyinp; of iion with other elements. The gem>ral 
statement can be expressed as follows: “If iron be combined by 
fusion with notable quantities of an element whose meltiii}!;- 
point is very much below that of iron, the t('ndency is to produce 
a metal of inferior [diy.sical proiKU'ties, but if iron be combined 
with an element whose nieltiiur-|)oint is nearly that or hif!;her 
than that of iron, then the tendency is to produce a metal of 
.superior physical properties.” (See Introduction to .second 
edition.) 

The following are some new features of lh(' third edition: 

(1) A new qualitative test for cobalt in steel. Page 2. 

(2) The latest details of the author’s I'outinc method for 
vanadium in vanadium and chrome-vanadium steels. Page 21. 

(3) Rapid bath lest for chromium. Paps 20 and 28. 

(4) Modified bath test by pc'rsulphate for vanadium. Page 28. 

(5) Walter’s method combined with the author’s method, 
using potassium ferricyanide as an internal indicator. 

(6) The author’s new method for small (or large) amounts of 
chromium and vanadium, removing the bulk of the iron with 
ammonia. The vanadiiim can be also sei)arated in this method 
from a large amount of chromium as the vanadium is jirecipitated 
along with the firs portion of the chromium. This makes 
possible the accui'ate determination of a small amouid. of 

in the presence of a large amount of Cr, as the most of the latter 
can be left behind in the filtrate together with the Fe. See 
pages 30 and 31. The neutralization is stopped as soon as the 
first part of the Cr hydroxide appears. For example, suppose 
it is desired to determine about 0.10 V in the presence of 15.00 
ber cent Cr. 
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(7) The complete analysis of fcrro-vanadium, rewritten for' 
Al, Fc, Mn, P, Si, and V. Pages 34 to 39. 

(8) An entirely new modification to get the total phosphorus 
in fcrro-vanadium and vanadium steel, using a faintly ammo-r 
niacal water solution of ammohium molybdate. 

(9) A new method for separation of the bulk of the titanium 
from the iron by ammonia. Pages 30 to 31. 

(10) The author’s method for the determination of sulphur 
by heating the substance such as finely divided steel, drillings or 
millings, ores, minerals (and sulphates by ignition of the powder) 
in a stream of hydrogen saturated with HCl has been extended 
to a wide range of mat('rials: At a temperature of about 950° C. 
following reaction takes place: 

BaSOi-f 2Ha4-811 = BaCk+ 4 H 2 O-hHsS. 

See pages 122 to 129. 

(11) The methods as used by the author for Mg, Ca, Pb, As, 
Bi, Cu, Sb, Ta, Mo, and S in tungsten ores have been added. 
See pages 97 to 113. 

(12) Persulphate method for manganese for all percentages 
of manganese up to 80 per cent, or higher. Page 250 and page 136. 

(13) New cuts of the author’s de.sign of rheostat and muffle 
furnace and carbon combustion furnace. Page 119. 

(14) The determination of largo and small amounts of tan¬ 
talum and tungsten in the pre.sonce of each other. Page 138. 

(15) The complete analysis of Wulfcnite ore. Page 168. 

(16) Arsenic in .steel. Pago 162. 

(17) The determination of Al, Fe, V, and Cr in ferro-chrome 
is rewritten. Pages 174 to 186. 

(18) The author’s method for the determination of large and 
small amounts of Al and Zr in steel by first removing the bulk 
of the iron with ammonia. Pages 189 to 191. 

(19) The complete analysis of zirconiura-nickel-aluminun-iron 
alloy. Pages 194 to 201. 

(20) The analysis of crude zirconia. Pages 202 to 204. 

(21) The determination of oxygen and arsenic in copper. 
Pages 218 and 219. 

(22) The determination of boron in iron following Wherry as 
modified by J. M. Lindgren. Pages 253 and 255. 
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(23’) Rapid volumetric method for manganese in steel in the 
presence or absence of much chromium. Accurate to at least 
15 per cent of manganese. Pages Itl.'l to 317. 

, (24) I’he use of zirconia composition crucibles as a substitute 
for platinum crucibles in the dete^nination of silicon in plain 
steel, and pig iron. Page 350. 

(25) A new method for uranium in steel by removing the, bulk 
of the iron with ammonia. Pages 303 to 305. 

(26) New cuts of the author’s combustion train and apparatus 
for weighing CO 2 . Pages 270, 278, 279. 

(27) The author’s pre.sent routine method for nickel. Page 232. 

(28) The complete analysis of pitchblende. I’age 270. 

(29) The determination of alkalies in clay. Pages 411 to 413. 

(30) The com|)lete analysis of clays. Page 407. 

(31) The determination of cerium in ferro-cerium and cerium 
steel. Pages 533 to .538. 

In all there are considerably more than one hundred additional 
pages of new material not found in either of the previous editions; 
and a net increase of the size of the book to the extent of also 
more than 100 pages. 

(32) A chapter has been added on the microscopic examina¬ 
tion of steel. Pages 492 to 503. 

PiTTamiRGii, P.\., 

July 7, 1920. 




COMTENTS 


CilAPTEK PAQCfl 

I. Qualitative tests for ehrornium, vanadium, titanium, 

rnolybuemiiii, tunfjstcn, nickel, and <-ob:ilt .. 1 to 3 

II. Analysts of vanadium sItcI, Ct-V .steel, ebromiurn steel, 

and fcrro-vanadiuni . . 4 to 40 

III. Analysis of ferro-titaniurn, titanium, steel and ba.sie slag 

containing titanium .. . 47 to 71 

IV-1. Analysis of tungsten powder Determination of oxygen 
in metallic tungsten powder and steel Determina¬ 
tion of tin in rnetallie tungsten ... 72 to 90 

IV-2. Sampling of tungsten ores Determination of W, Pb, As, 

Hi, Cu, Sb, Tn, Mo. S, Fe, Mn, Ca, and Mg in 
tungsten ores 97 to 113 

IV- 3 First inetbod for tungsten in steel. (Iravimetrie metliod 
for sulpbur m ehronuuin-tiingsten steel Fvolution 
method for sul[)bur m alloy steels by ignition of the 
insohihle residue, at a yellow beat m ueid-earrymg 


hydrogen. Fleetric inullle furnace 111 to 129 

IV-4 Analysis of low fier cent tungsten steels and .slag con¬ 
taining chromium, tungsten, and vana<liurn . I3t) to 137 

IV-5 Determination of tantalum in tungsten, ir^ores, alloys, 

and steel . I3S to 143 

V-1. Analysis of molybdenum powders . 114 to 149 

V-2 Analysis of ferro-molyhdonurn and ferro-molybdonum- 

lungsten . .. 150 10 155 

* V-3 Analysis of tungsten-molylxlenum .steels 150 to 102 

V~4 Determination <if irndybdenum in molybdenum ores 102 to 170 
^ V-5 Determination of tin, arsenic, and bismuth in plain and 

alloy stei'ls 171 to 173 

VI-1. Analysis of ferro-chromium, cbrmrmiiii ore, and carbon¬ 
less chromium .. 174 to 186 

VI-2 Analysis of chrome cement . 187 to 188 

VII-1. Aluminum and zirconium in steel .189 to 193 

VI1-2 Analysis of zirconium-aluminum-niekel-iron.194 to 201 

VII-3 Separation of Zr from Fc, Ti, Al, and Si. {3’hc analysis 

of crude zirconia) . 202 to 204 

VIII-1. Copper in steel and pig iron. 205 to 209 

ix 







X 


CONTENTS 


CnAPTER PAGC8 

VIII--2 The separation of copper and nickel from iron and 

vanadium by potassium ferncyanide. * 210 to 212 

VllI-3 The determination of copper m metallic copper; also 

oxygen and arsenic in copper. .^13 to 219 

IX-1 Rapid determination of nickel in the presence of chro¬ 
mium, i on, manganeie, vanadium, and tungsten, by 
the author’s modified cyanide method, by Hrunck’s 
method and by a modification of Brunck’s method . 220 to 234 

IX-2. The analysis of nickel-chromium alloy . 235 to 238 

IX-3. The analysis of nickel-copper-iron alloy. 239 to 243 

X-1. The analysis of ferro-manganesc. 244 to 249 

X-2. Volumetric determination of manganese in ferro¬ 
manganese ores, and high manganese steels, being a 

(juantitative separation from cop{x?r and nickel. 250 to 252 

X-3. Determination of boron in iron. 253 to 256 

XI-1. The determination of carbon in iron, steel, alloys, 

graphite, etc , by direct ignition with red lead. 257 to 274 

Laboratory milling machine for sampling steel. Segre¬ 
gation test by acid etching. Power miller . . . . 257 to 274 

XI“2. The determination of carbon in steel, ferro-alloys, and 

graphite by means of an electric combustion furnace. 275 to 284 

By means of a compressed air and gas furnace. 284 to 291 

Xl-3. The elimination of rubber stoppers from the taj>ered 

clay combustion tube. 294 to 296 

XI-4 The determination of carbon in plain steel by solution 

of the steel in cop|M?r and [lotassiurn chloride .. . 297 to 301 
XI-5 The determination of graphite in iron, and graphitic 

carbon in stnel . . . 302 to 404 

XII 1 Carbon in steel by color. ... .... 305 to 309 

XII-2. A The determination of phosphorus m pig iron, steel, 

washed mc^al. . . 310 to 325 

XIl-2 B Vanadium steel and ferro-vanadiurn.310 to 325 

XII-3 The analysis of ferro-phosphorus. 326 to 329 

XIl-4 d'hc determination of sulphur in steel, muck bar, pig 

iron, and washed metal . . 330 to 337 

Xn-5. The determination of manganese in steel, pig iron, and • 

clirome steel. . . .. 338 to 344 

Xll-O. The determinat ion of manganese in 15 per cent Mn steel 345 to 347 

XU-7 The determination of silicon in steel, pig iron, etc . . 348 to* 350 

XIl-.S The analysis of calcium-sihcon-iron .351 to 352 

XIIl-1. The determination of uranium, in ferro-uraniurn, earno- 
tito ore, in mixtures of iron, uranium, aluminum, and 
vanadium, and in steel containing tungsten, chro¬ 
mium, vanadium . 353 to 368 

XIII-2 The determination of vanadium in sandstones contain¬ 
ing carnotite, roscoelite, or calcium vanadate, in 
pitchblende. 369 to 371 
















CONTENTS 


XI 


CBAPTER PAOE8 

. XlV-l.,The qualitative and quantitative analysis of cobalt and 
nickel-cobalt steel. The electrolytic determination of 
cobalt and nickel in ferro-cobalt and cobalt powder 372 to 391 

Xy. The determination of nitrogen in steel 392 to 395 

• XVf-1 The analysis of graphite and grajilnte crucibles. 397 to 40(5 

XVI-2. The complete analysis of claj . 407 to 413 

XVII-I The annealing of steel. .... 414 to 421 

XVII-2. Further annealing temperatures and the formation of 

decarbonized surface on steel . 422 to 429 

XVIII-1. The complete analysis of limestone and magne.site 430 to 434 

XVIII-2 The complete analysis of bottom sand and fire brick 435 to 441 

XVIII-3 The analysis of iron ore ... . . 442 to 449 

XVni*-4 The analysis of fluorspar . 450 to 459 

XIX-l. The testing of lubricating oils.. .... 460 10 471 

XIX-2. The testing of coal and coke; sulphur m crude oil . .. 472 to 477 

XX-1. The percentage reduction of a substance m .solution to 

any desired percentage _ . 478 to 482 

XX-2. Plan and views of chemical laboratory for st(*(‘l works 

practice . . 483 to 491 

XX-3 A The micrographic o.xamination of .steel. 492 to 503 

XX-3 B. The making and repairing of laboratory electric 

furnaces . 504 to 506 

XX-t Some improved electrical laboratory aj)paratus ... 507 to 509 
XX-5. B. Rheostats and large clf'ctric furnace for laboratory 

heat treating. .510 to 513 

XXI-l An automatic steam water still . 514 to 516 

XXI-2 The making of clay combustion boats; one-pi(5ce ni- 

chrome triangle; sanitary wash bottle.517 to 520 

XXI-3. Laboratory refractories. 521 to 528 

XXII-1 Pmglish chromium-vanadium standard “V”. 529 to 530 

XXn-2. A short method for Mo in steel -’. .531 to 532 

XXXIII-1. The analysis of ferro-cc^ium and cerium steel. 533 to 583 

XXXIII-2. Further modification of the Fevert COj weighing ap¬ 
paratus . 539 to 541 

'^y)J8x. 543 to 552 


















r ij 
\ 





HAPID MPTllODS Foil TlfF ClIFMiG4LjmLYSIS 
OF S4'FC1AL STFFLS, STFFL-MAKIXG ALLOYS, 
TIIFIK OKI'S, AND.GUAriUTFS 


CIIAPTEll I 

QUALITATIVE TESTS FOR CHROMIUM, TUNGSTEN, 
NICKEL, MOLYBDENUM, ETC. 

Dissolve 0.200 sram of the sample with .5 c.c. 1 ; 3 sul¬ 
phuric acid iu 1.52.4 (0 inches) hy 10 mm. test lube. Also 0.200 
gram of a plain carbon steel in the same way. Place the two 
tests in boiling water for a half hour. 

Tlie plain ctarbon steel will be free from black sediment and 
practically water white as to color. If the unknown contains as 
little as 0.2 or 0.3 per cent of chromium it will look distinctly 
greener than the known steel. Nickel also produces this effect, 
but the color is not so marked. 

If the steel has 0.100 to 0.3 per cent of tungsten a black insol¬ 
uble residue will lie found in the bottom of the tube. This 
black sediment forms also with similar amounts of molybdenum 
and phosphorus. But on addition of 1 c.c. wf 1.20 nitric acid 
to such a solution the black entirely disa|)])ears if due to the 
presence of the two last named elements. The black precipi¬ 
tate, if caused by a small quantity of tung Ion, on addition of 
tho nitric acid, changes to a yellow one. If the amount of the 
latter is small it is better to put the test tube back on the water 
bath.and permit the tungstic acid to settle for two hours, when 
it can he seen plainly as a yellow spiral thread rising up through 
the solution by giving the test tube a rotary motion. The black 
residue of phosphide can be recognized by filtering it out and 
dropping 1 : 1 hydrochloric acid on it, when the characteristic 
odor of phosphine is obtained. Or it can be dissolved off the 
filter with 1.20 nitric acid and the filtrate precipitated with 
molybdate solution after boiling it with a slight c.vcess of potas- 
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siuni permanganate. Finish as in plain steel to get the yellow 
precipitate. If stceLs are quite high in silicon, the silicic acid 
and the carbon, together, produce black flakes that float about. 
They turn to white ones on being heated with 1.20 nitric acid 
on a water bath for an hour or two. 

The annealed test for thromium is given under “ Annealing 
of Steel.” (See page 410.) 

Molybdenum.*—A further qualitative test for the latter 
element is as follows: Dissolve 0.500 gram of sample in 25 c.c. 
of 1 : 1 hydrochloric acid. Boil till the action ceases, using a 
254 by 25.4 mm. (10 by 1 inch) tube. Heat further with 2.5 
grams of potassium chlorate until a clear solution has been 
obtained or the residue, if any, is a bright yellow. Add an equal 
volume of water. Filter without washing. Dissolve 10 grams 
of potassium hydroxide in 10 c.c. of water. Add this to the 
filtered solution. Boil for five minutes. Filter. Do not wash. 
Pour 8 c.c. of this filtrate into a 254 by 25.4 ram. tube. Add cone, 
hydrochloric acid until crystals form. Dilute with water to 
30 c.c. Add a few grains of granulated tin. Heat to the first 
indication of boiling; remove from heat immediately and cool. 
Add to the cold solution 2 c.c. of potassium sulphocyanate. A 
light brownish red indicates 0.2 or 0.3 per cent of molybdenum. 
A distinct red indicates 1 to 2 per cent and a deep red higher 
amounts of molybdenum. This is a fine test, but if the mistake 
is made of boiling the solution too long with the tin scarcely any 
color is obtained. Bring, therefore, to incipient boiling, only, 
after putting in the grains of tin. Then remove at once from the 
fire and test with the KCNS as already described. For nickel 
the quantitative analysis as given on page 232 is so rapidly 
carried out that it constitutes an easy qualitative test also. 

P'or qualitative testa for titanium and vanadium see page 4. 
For qualitative tests for copper in steel see page 207. For quali¬ 
tative tests for copper in ferro-vanadium see page 9. For 
qualitative test for nickel in steel see, also, page 7. 

Qualitative Test for Cobalt.—Dissolve 0.200 gram of the steel in 
5 c.c. of 1 : 1 HCl in a 154.2 (6 in.) X16 mm. tube on a water bath. 
At the same time in the same manner dissolve 0.200 gram of plain 
carbon steel. If the unknown steel contains even as much as 0.05 

* See also page 100 for further details of the qualitative teat for molyb¬ 
denum in steel. 
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jicr cont of cohult it will show ,'i distinct fio'cn ivhen hoi whereas the 
filain Stoehwill be a jfolden ycdlow color. T’his yellow color can be 
■■('hiiiiiiated by addiiifi a hnv firains (}f metallic tin to the tests. It 
is chara^teristi<‘ of the coball that, this Kri'im color will fade away 
\%lien the solution cools down, and return affaiii if reheated. If 
1 urain of sample is (hs,solved in l(#c.o. of the hydrochloric acid 
and, after all action is over, a few f!:rains of nietaihe tin are used to 
keep back the color of ferric iron, as little as (l.l).u (ri'r cent C’o can 
easily b(> detia'ted. Nickel fiivc's so much less color that, in a 
0 .21)0 ffram te^t, as much as o per cent of nickel fi,ives practically 
no intc'rferenee with the cobalt test if a little tin is addl'd to keep 
the iron all rediiei'd. Cobalt does not nive this delicate test in 
sulphuric acid solution. Chromium iuterferi's ureatly. It should 
be removi'd by pero.xidatioii before makiiif; the test. See also 
pafie 372. 

Qualitative Test for Nickel.- -Dissolvi' 0..") Rram of the steel as 
siven for vanadium on pafte .'). When the red fumes are Kono, 
cool; add 2 grams of citric acid and then ammonia until the 
solution is animoniacal and clear. Now introduce a solution 
of dimethylglyoxime of the strength given on laige 231. A 
scarlet precipitate will form if nickel is iiresent. Sei' also page 
372 if the chemist wishes l.o fust lemove the iron before adding 
the “ dimethyl,” which is a better way if the per cent of nickel 
is very small. 

Qualitative Test for Titanium in the Presence of Vanadium.— 

Dis.solve the steel as for vanadium as given on page .5 but in a 
small boiling flask, using l).,o gram of samfilc. Then peroxidize 
as described on page 3.'), taking proportionati'ly smaller amounts 
of the sodium peroxide and carbonate. Redissolve the iron 
hydroxide, after washing it with peroxide water, and peroxidize 
again, and so on until .some of the liltrate from the iron hydroxide 
no longer gives a vanadium test with II 2 O 2 on being boiled down 
to* one-half with twice its bulk of cone, nitric acid. The iron 
hydroxide can then be dissolved wiPli 1.21) nitric acid and be 
testi'd with hydrogen pi'roxide for d'i. d'he iron hydroxide will 
contain all of the Ti, free from V. 



CHAPTER II 


•ANALYSIS OF CHROMIUM AND VANADIUM STEEL AND 
FERRO-VANADIUM 

The determination of vanadium in the presenec of tungsten, 
titanium, chromium, nickel, manganese, silicon, molybdenum, 
copper and aluminum has been studied by the author. It has 
been the latter’s aim to produce modified methods that combine 
speed, simplicity and accuracy. The underlying reactions arc 
well known and have been variously applied by different chemi.sts. 

Qualit.\tive Te.sts 

Absence of Titanium .—A qualitative tc.st for vanadium can 
be completed in a half hour or les.s, even in the pre.sence of 4 per 
cent of chromium, although there be but 0.0,5 per cent of vana¬ 
dium in solution. Dissolve 0.500 gram of steel in a 254 by 
25.4 mm. test tube (10 by 1 inch) in 10 c.c. 1 : 3 sulphuric acid, 
heating until action ceases, adding a little water, if necessary, 
to dissolve any sulphate of iron that may separate during the 
boiling. Five c.c. of concentrated nitric acid are used to oxidize 
the iron and hypovahadic acid. Healing is continued until red 
fumes disappear. If tungsten be jjresent, filter through paper, 
niter without washing. Pour soine of the filt(!red or unfiltcred 
fluid, as the case may be, into two 152 by 10 mm. test tubes, 
allowing about 5 c.c. of the solution to each tube. To one of these 
portions add 5 c.c. of sodium peroxide dissolved in dilute sul¬ 
phuric acid. To the other add 5 c.c. of water. The portion do 
which the sodium peroxide was added assumes a reddish brown 
shade if vanadium is present. 

If there be enough chromium to give the solution a dark 
green tint, then hold the tubes against an illuminated white 
shade. The vanadic solution containing peroxide will plainly 

• From a paper read before the Pittsburgh section of the American Chem¬ 
ical Soc., Jan. 23, 1903. 
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show a browner tint than its mate, to which no peroxide was 
added. The white shade greatly lessons the interference of the 
chrome green. The peroxide is jireparod by dissolving 3.5 grams 
of sodiiwn |)(a-oxide in 12.5 c.c. of 1:3 sulphuric acid and diluting 
v^ith distilled water to .500 c.c. the water last, when pre¬ 

paring the ])eroxide solution. 


The Determin.vtion of ('hhomium and Vanadium in Steel 

The (iiiaiilitaliir determination of vanadium and chromium 
in most varietii's of steel can be made in a comparatively simple 
way. d'he writer procei'ds as follows: Two grams of steel are 
heated in a mixliii'e of 30 c.c. of 1 : 3 sulphuric acid and 20 c.c. 
of waiter in a GOO c.c. beaker. When the first action is over, 
30 c.c. of 1.20 nitric acid are usimI to completi' the solution and 
oxidize the ii'on. Boiling is continued two minutes longer and 
then 200 c.c. of water are introduced. Trom a small pipette a 
solution of |)ermanganate of potassium is delivered, a little at a 
time, until a slight precipitate of manganese oxide is obtained 
that does not perceptibly dis.solve after twenty minutes’ boiling. 
'I'hc beaker is n'lnoved from the fire and, after a few moments, 
is placed in a tray of running water until cold. Its contents 
arc filtered into a heavy suction Hask through an asbestos 
filter using a l',-inch carbon filter tube, supporting the asbestos 
on a perforateil ])orcelain plate.* (The asbestos is washed in 
nitro-hydrochloric acid and freed from cMorino test with dis¬ 
tilled water before it is used.) The residue on the asbestos filter 
is washed fifteen times with 20 c.c. of 1 : 3 sulphuric acid diluted 
with 500 c.c. of water. 

• The filtrate and washings are returned to the 600 c.c. beaker 
together with 30 c.c. of dilute sulphuric acid, additional. The 
volume is now about 350 c.c. and titration is begun with a 
standard of double sulphate of iron and ammonia. The double 

* Now use poroas thimble Ifo inches outside diameter and 2 inches high, 
supported in a glass filter lube Ij inches O. D. by 31 inches high. A piece 
of flat Gooch rubber tubing of IJ-inch diameter is required to make the 
tight connection between the thimble and the glass filter tube. This arrange¬ 
ment docs away with the use of an asbestos filter and requires very little 
water pressure for rapid filtration. The apparatus is shown in the photo 
on page 298. 
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sulpli.'itc standard is dropped in from a 100 (-.c. hurelt-o until 
the fluid in the beaker loses all brown tints and assumes a prac- 
tieally colorless shade, in plain vanadium, or in vanadium steels 
containiiifi h'ss than 1 pm- cent of ehromium. If mu di ehro- 
mium is present, i.(',, from 2 to (i per eent, the iron sulphate is 
added until the ehrome fji'een no longer grows darker, and two 
or three e.e. more to insure an excess. There are two reasons 
why the sulphate standard .should be added at the start. In 
the first place, though no ehromium may have been added to 
the steel, there is often a littk' manganic oxnle held in solution, 
or pennanganate, wliieh would reduce a portion of the .sulphate 
standard. .Again there is never any certainty that small amounts 
of chromium are not present.. 'I'hc (|nautit.y of sulphate standard 
re(|uired in the foregoing reduction should be noted in case the 
(h'termination of chroiniuni is part of the |)rogram. d’he per¬ 
manganate of potassium standard is ni'xt di'oppi'd into the 
solution and, as soon as the pink color begins to disappear slowly, 
the standard is added thre(> drops at. a time, until a very faint 
pink color is obtained that persists afti'r 20 .seconds stilling. 
Should even as much as .'i or 0 per emit of chronhiun be present 
a practiccil eye can I'asily detect I'.ink relli'ctions through the 
chrome green. 'I’liesc pink glints can be semi in the bottom of 
the beakm' and, as one looks down through the mouth of the 
latter, a rounded bright spot is seen that takes on a pink flush 
when the permanganate is in cxce.ss. 

Vanadium.—The solution is now ready for the titration of the 
vanadium, alone:* 0.0 c.c. of |)otassium ferrieyanide is poured 
into the beaker with a convenient dropiier, having an etched 
mark on it to indicate the 0.0 c.c., so that the same quantity of 
the indicator is always taken, f The ferrieyanide imparts a 
brown tint to the iron solution. The ferrous ammonium sul¬ 
phate standard is again dropped in, a little at a time, until one 
dro]) produces a green coloration that is/m' from yellow tints. J 
The titration is continued to a blue. The number of c.c. of double 
sulphate standard required in this second titration less the 
number needed to produce a similar .shade in an imitation test, 

Read iiagos 21 to 22. 

t Five grams of potas-siiim ferrieyanide di.ssolved in 130 e.e. of water. 

t Titration.s are now all carried to a blue, i.c., until 3 drops of the double 
.suljihalc cliangc the dark green lo a distinct blue. 
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liiiule witli a sU'i'l that does not eoiitaiii vanadiuiii, gives the 
amount of the siilpliale standard ref|uired to reduce the vaiiadic 
■'ucid present. 'I'his reinaiiuh'r is multiiilied by to obtain 
the mir^iber of niilhgrams of vanadium in the samph'. With 
(Bc.h lot of analyses, two tests ai'e made of plain steels to which 
have ’lieen added known weights* of standard fia-ro-vanadiuni 
drillings or powder. If the usual operations recover the vana¬ 
dium added all of the tests made at the tune are accepted. The 
amount of double sulphate standard riaiuired by the blank tests 
on non-vanadium sti'els is deducted from all tests before making 
calculations, dins deductfon for |)lani vanadium or vanadium- 
chrome stci'Is wIk'I'c till' |)er cent of chromium is not much in 
e\cesB of d per cent, varies from 0.4 to 0.0 c.c. ddiis applies 
to a volume of approximately d.10 c.c. An increased volume 
prodiici's an increasial blank. .\ test., in duplicate, for vana- 
rliiim by the foregoing manipiilations can be carrii'd through in 
an hour and a half in the pre.sciice of chromium, nickel, tungsten 
or niolybdeimm. 

ddie pre.siMice of much chromium increases the blank .some¬ 
what. With no chromium present, th(‘ blank is about 0.3 to 
0.4 c.c. and, with chromium in thi' solution to the extent of 

3 [ler cent, it is 0. t to tl.l) c c. With a chromiiim content of 

4 per ('('lit it is 1.0 to 1.2 c.c. It is always best to make control 
tests and blank tests, when high chroimiiin and tungsten steels 
are being analyzed, with mixtures imitating closely the samiiles 
submitted for analysis. It is very important when dealing with 
alloy steels, containing largi' iierci'iitagcs of chromium and 
tungsten, to digest the drillings until the tungstic acid is a bright 
yellow before boiling with the excess of permanganate solution. 
One should, when the tungsten has “ cleaned well,” add per¬ 
manganate until, after twenty minutes boiling, sufficient excess 
of manganese oxide is |iresent to give the separated tungstic acid 
a chocolate color, ddieii proceeil as usual. 

When nickel is present in the steel in quantities ranging from 
3 to 5 jier cent the same method applies, liut it must be borne 
in mind that, when ferricyanide of this concentration (5 grams 
in 130 c.c. of water) is u.scd, in a few minutes, nickel ferricyanide 
.separates, hence the titration must be proceeded with inune- 
diately. 

Molybdenum doi's not interfere with the titration of vana- 
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dium, though tlie foriuer element be present in large (luanti- 
ties. 

Vanadium in Ferro-Vanadium.-'*The detennination of vana-' 
dium in fcrro-vanadiums of the low siheon type offers np. difficul¬ 
ties excc()t that segregation is consideral)le. It is always 
advisable to make at least thiee tests of each sample and average 
the results. From 0.2 to 0.2 gram are taken and proceeded 
witli exactly as in steads untd the titration is to be made when, 
instead of adding the double sulphate standard first, the com¬ 
pleteness of the oxidation of the ferro-vanadium is tested by 
adding three drops of the permanganate standard. If this gives 
a suggestion of pink to the solution, the ferricyanide indicator 
is added and then the ferrous sulphate standard until the light sky 
blue of the vanadyl salt is darkened slightly by the dceiier blue 
caused by the exci'ss of ferrous standard. This end-point is very 
satisfactory but requires a little experience on the part of the 
analyst. The amount of sulphate standard used is noted and 
then the permanganate standard is added, at once, until a disliiict 
reddish pink color is obtained that does not fade pcrce|)tibly 
after thirty seconds vigorous stirring. This end-point might bo 
described as an old rose shade. Blanks are run on the same 
W'cights of a plain carbon steel in exactly the same way and 
deducted from the amount of sulphate reejuired to produce the 
blue and from the amount of permanganate required to restore 
a pink color. If le.ss permanganate than sulphate is used, after 
correcting the sulphate reading to the permanganate basis, the 
presence of chromium is indicated and a qualitative test for the 
latter clement can be made in an hour by fusing 0.8 gram of the 
ferro-vanadium with 10 grams of sodium carbonate mixed with 
2 grams of nitrate of potassium. The melt is di.ssolved in water. 
The residue is removed by filtr.ation in the cold. A yellow- 
tinted filtrate confirms the presence of chromium. Several 
tenths of 1 per cent of chromium arc frequently present. 

The amount of double sulphate should not be taken as a 
basis of percentage calculations unless it is positively known 
that chromium is absent. The sulphate should be first added 
as described. This should be immediately followed by the 
addition of the permanganate standard as given and the amount 
of the latter standard required to produce the permanent red- 
* Read pages 14 to 15. 
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dish pink sliould be multiplied by 2,54 to find the milligrams of 
vanadium' in solution. For instance in 50 per cent ferro-vanadium 
’ it is not practical to take more than 0.4 gram for analysis. 
One c.c, of the double sulphate equals 0.00080 gram of chro¬ 
mium or only 0.215 per cent chromium, but it also equals 0.035 
per cent vanadium, i.e., 0.2 per cAit chromium would raise the 
vanadium content 0.0 per cent if not eliminated by calculating 
the vanadium from the permanganate used to obtain the old 
rose tint. When ferro-vanadium contains much silicon, about 
4 per cent or more, the borings or powder may not dissolve com¬ 
pletely in sul|)huric and nitric acids. The following modi¬ 
fication is necessary: Ti-eat 0.3 to 0.0 gram of sample with 
00 c.c. 1.20 nitric acid in a No, 5 porcelain evaporating dish. 
When heat produces no further action add 1 c.c. or more of 
hydrofluoric acid, which promptly gives a complete solution. 
00 c.c. of 1 : 3 sulphuric acid are poured into the dish, the watch- 
glass is removed and the .solution is cvaiiorated to heavy fumes 
to remove the hydrofluoric acid. The sulphates are dissolved 
in water and transferred to a 000 c.c. beaker and the analysis 
completed as in low silicon ferro-vanadium. 

Ferro-vanadiums containing from 0.5 to 0.0 per cent of 
copper present a slight obstacle. When the ferricyanidc indi¬ 
cator is added copper quickly produces a light yellow cloud of 
copper fcrricyanide that entirely prevents any end-point being 
seen. In such cases dissolve the ferro-vanadium in 1.20 nitric 
acid; evaporate dry; ignite; rcdissolvo in HCl; dilute to 300 c.c. 
and pass H 2 S until saturated; filter out the copper sulphide; 
wash it with HoS water; evaporate filtrate to about 150 c.c.; 
add a few crystals of chlorate of potash to the not too concen- 
Vated solution (potassium chlorate explodes when heated with 
cone. HoSOi); evaporate to thick fumes; take up in water, 
heating until all is in solution; add 20 c.c. of 1.20 nitric acid; 
boil with KMn 04 and finish the V as described. 

As ferro-vanadium samples are, at times, quite variable it 
is always best to make several tests of the latter and report an 
average of the results obtained. If the copper content does not 
exceed 0.3 to 0.4 per cent, even when 2 grams of sample are 
taken, the vanadium can be titrated before the clouding begins 
if it is proceeded with as quickly as possible after the addition 
of the ferricyanidc. 
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Small Amounts of Vanadium.*~For the dotc'nninution of 
small iimoimts of vanadium, l•anf’illf^ from 0.02 to 0,0.5’per (•('iit., 
it i.s ('\|’(‘di(‘nt to dissolve from 0 to 8 f;rams of the steel for 
analysis. Such lar^e weights of sli'el are tri'ated Ihfit with 
00 c.c. of 1 : 3 sulphuric acnl^and 100 c.c. of w.ifer. When this 
action is over, 120 c.c. of 1.20 nitric acid are added to coiiiplele 
the solution and to oxidize till' non. 'riiiai continue the aiialysi.s 
as usual. Blanks should he carried along with e(iually large 
amounts of a |)laiii carhoii iioii-vanadium steid. The writer 
would advisi' caution in the ihi' of manganese sulphate to 
discharge any persistent pink color when hoiiiiig with perman¬ 
ganate, as it.s us(' in liig,' am units seems to increase blanks, 
aiipareiitly causing part, of tlie iieniiaiigaiiate to pass into 
solution in the manganic condition, liven tli<> blank filtrates 
have a brown lint as though iMiitaiiimg a few liuiidri'dtlis of 1 [ler 
cent, of chro niiiai. This would siaaii, in a measiiri', similar to 
the sohilion of iron hydrate in iron .salts. On di.scoiilimiing 
the use of an ('xci'ssivc (|uan‘,ity of the nianganese .sulphate, 
lower and more uniform blanks and frei'doin from brown lints 
therein were attained. Do not adil over 0.200 gram Wn.'^O.t. 

If pink colorations occur due to excessive additions of the 
permanganate, dilute further with distilled water and a drop 
or two of ferrous sulphate anil boil until they are de.stroycd. 
It is rare that di.stilled water does not contain enough traces of 
organic matter to aciai niihsh this ))urpose. (A |iink color in 
the analysis of fcrni-v.uiadiu n does no harm in the determina¬ 
tion of vanadium as the siilph: fe standard is raided at the start; 
and the vaiiadiinn is calculate I from the amount of perinan- 
ganate required to produce an old rosi- shade, after gi'tting the 
blue with the sulphate standard and fcrricyaindc indicator.)t 
Chromium, as alnauly intimated, can be deterniined in the 
prc.senee of vanadium and in the .same o[)cration. 

In stiM'Is, the amount of double sulphate used to discharge 
all red colorations, leaving the solution a clear light green, free 
of all yellowish tints, less the number of c c. of tin' pennan- 
ganate standard reiiuired to produce a slight permanent pink 

See tlio author's new method tor determination of large .and small 
amounts of Cr, V, Al, U, Ti, and Zr by removing the bulk of the ferrous iron 
with ammonia. Page.s 30 and 31. 
t Read pages M -Ri. 
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relloctioii, t.lKscaftcr, e(|iiiils tiu' unioiint of doiiblo sulphate 
lU'coHsarv to inlun' the cliioiiiie aeni iiresc'iit to ehroniie sul- 
'phal(‘. One e <•. of thr double sulphate usually (M|u;ds ().()()()87 
gram (4 ehromnim. As ah'eady explained, the ferrieyanide 
iiTdieator is mu- dropped in, ainl^the sulphate standard again 
follows until Ihii'e drops of it prodiiee a blue.'' 'I'hi' amount 
of sulphate eonsuined b\’ this last titration is ei|Uivalent to the 
vanadie acid present, after deducting the regular blank, which 
is usually 0.1 to 1.0 c.e., depending on the amount of chromium. 
A sample calculation is given as an illustration. (2 grams arc 
taken for analysis.) 

First Part OF'I'nId I’itkvtion to ohimn 1:111 C^iikomh'm (Mvdm rkfohe 



Adding 1’err. t wide) 

KMiiOt 

I)i>nl)l<' Sul|>!i.i(o 

9 1 c 

socftnd rcitdiiij; (if burette 2S (ice. 

2 3 (■ (■ 

(list n'ndinji itf buretli' 12 1 o e 

B S f f 

Hi 2 c.e. 


Cnlciiliilion 

lii 2 


(1 .3 


1) I c <' 

(‘flUid sulpliatt' iisetl bv ehrotnilllil 


9 4XOi)OOS7Xl9(}-2 = l) H)S9, or per t-riif clirofnium. 


Second P\iit of tiik 'I'itkation (M\iho Immf.diatm.v after Adding the 
Ferhk'vwide Indkmtor) to Obtain the Vanadifm 

Siilplnitc 

31 1 e.F sofond rcatlin;! of Imn'l tc. 

2H 1) (' f iiisi r.'iulm^ of Imr-'Ut* 

2 S r c 

0 1 f (• ('finals ropiular vanaflnan blank for low p('r cent chromium 

2 Ice 

Since 1 c.e. of .sulphate e(|uals I e c. of permanganate or 
0.002.51 gram of vanadium, therefore 2.4x0 002'i4X l00-s2 = 
0.30.') (x'l- cent vanadium. 

Small Amounts of Chromium in Ferro-vanadium.—Ferro- 
vanadiuin frequimtly, as stated, contains one or two tenths of 
a per cent of chromium. 'I'lie most satisfactory way to esti¬ 
mate these sm .11 amounts, in the iireseuee of largi' i)(>r cents of 

* The sniiihate standard is now added until three drops of it change the 
(lark green to a blue. 
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vanadium, is to fuse 1 gram of tlic (indy fj,i'oun(l |)owdei' or thin 
drillings with 20 gratns of sodium carbonate and -1' grains of 
niter. After tlie fusion is (luiet, keep it molten for thirty 
nhnut('s. Di.s.solve the melt in as little water as possible in a 
platinum or poirelain dish. Add pul|): filter; wash with sodium 
carbonate water. I'lvaporate the filti'ate and washings to'about 
40 c.c. If th(! solution is not clear, add a little pulp, filter and 
wash again. The filtrate and washings should not exceial 10 to 
50 c.c. if the chromium content is only a tenth of a per cent or 
thereabout. C'ompare this solution with a .standard consisting 
of 0.070 gram of c.p. potassium dichromate made slightly alkaline 
with sodium carbonate and diluted to 250 c.c. in a volumetric 
flask. It is made alkaliiK' by adding sodium carbonate until the 
red color of the dichroniate has all been converted into the yellow 
of the .sodium chromate. 1 c.c. eipials 0.0001 gram of chromium. 
U.se the same comparison tubes as described under (he color 
method for titanium. Rinse one of tie tides (luce (inu's with 
some of the standard. Then pour into it exactly 10 c.c. of the 
standard solution. If the chromium content is about 0.20 pi'r 
cent, the standard will be yellower than the test. Add water to 
the standard, 1 to 2 c.c. at a time, until its color is only slightly 
stronger than that of the test. Continue the addition of water in 
I c.c. amounts until the standard is just turned lighter than the 
test. Sup|)ose the standard matches the te.st in color at 27 5 c.c. 
and the volume of the test is 59.5 c.c. This givi's the proportion: 

SlaiuLird Vol < Test \'i)l 10 c o St<l 

27.5 : 59.5 : : 0.001 : X 

5.95 r 27.5 = 0.21 or 0.21 iier cent chromium. 

Standardizations." The writer prefers to standardize pe,r- 
nianganat.e of potassium against recrystallized oxalic acid ki'pt 
in tightly stoppered bottles:* l.,58 grams of potassium perman¬ 
ganate arc dissolved in a liter flask with distilled water and dih'ited 
to the mark. 19..5815 grams of double sulphate of iron and 
ammonia, i.c., FeSOj ■ (NllilaSOr + O H 2 O, are dissolved in the 
same manner, with the addition of .50 c.c. of 1 : 3 suliihuric acid, 
and diluted to one liter. Usually the relationshi]i between these 
two standards is that from 40.2 to 40.5 c.c. of the permanganate 

* Keep oxalic acid in a cool place to prevent loss of water of crystalliza¬ 


tion. 
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equal .40 (;.r. of the (loul)l(' sulphate. The vanadium value of 
.the piTmaiiKaiiate staiidai'd is cheeked against the oxalic acid, 
and the vanadium v.-dne of the sulphate standard is calculateil 
from its*relation to the |)ermaMganate standard. 

* * The 1.58 grains of p('rinang*iiate solution, theoieticall.y, 
should be etjuivalcnt to 2.,50 grams of vanadium. Its actual 
value is found as follows- 0.1421 gram of oxalic acid is dis¬ 
solved in about 100 c.c. of water plus 20 c.c. of 1 : 3 sulpliiirfc 
acid and healed to 80“ ('. The iicrmangaiiate standard is then 
addeil until one drop produces a permanent pink. This usually 
reiiuiri-s 15.45 c c. of the permanganate. W'e in the first [ilace 
havi' the proportion: 

<>x:ilic Acid I'crniaiif^tintifo 

03 : 31.0 :: 0.1424 : ,Y 

d’his gives ,V eipials 0.07142, or 0.07142 gram of jnire perman¬ 
ganate will oxidize 0.1124 gram of oxalic acid. By the abovi' 
titration if is found that it requires 15.15 c.c. of the iiennan- 
ganati' standard to oxidize 0.1424 gram of oxalic acid. Therefore 
each c.c. of the perinangannlc standard must contain 0.07142 
divided by 45.45, or 0.001571 gra-n of 100 per cent potiissiuin 
pennanganate. 5\’e thus obtain the liiial proportion, or 

l.,58 : 2.,51) :: 0.001.571 : A' 

A' equals 0.002.545, or 1 c.c. p(‘rinangan*ile solution equals 
0.002515 gram of vanadium. 

'I'lie chromium value of these standards is found by adding 
to 2 grams of a |)lain carbon steel a weighed amount of recrys- 
tiillizral potassium dichroinate. This mixture is put through 
the entire process of an analysis. Taking the |)ercentagc of 
ehroiniiim in dichromate of potash as 35.35 per cent, the sul¬ 
phate standard is found to have a value that varies from 0.00085 
to 0,00087 gram of chroinium per c.c. 

It must be constantly borne in mind that to attain success 
in vanadium and chromium titrations in steels, it is abso¬ 
lutely essential when coming back with permanganate to stop 
with the fir.st 3 drops that give a faint pink reflection that is 
still faintly, but distinctly, visible after thirty seconds stirring. 

* Read pages 19 to 20. 
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Fui'thcriiiDiv, t!i(‘ next st('|l is t'i lulil tlt(' fiM'ricyanidc indicator 
Then tile feiToiis aminoniuiu siilpliale is (|iiickly added uidil 
3 drops produce the lirst distinct darkening; of tlie f 5 reen to a 
distinct blue. Do not continue to aild the sulphate R) a still 
darker blue. In sliort, if tl^e pink end-point is overdone, aftd 
then tlie blue one also, tiu' error is doubled. Always aim to 
liiiisli standai'ds, blanks and tests exactly as described. 


Thk Titr.xtion of \'AN.xi)irM IN Fi;uh(i-\ .XNxmuM AND Plain 
\'ANAD ir.M Stlel, .\voii)in(i thk Intkufi.hkni'K of Small 
Amounts of Maniianio D.nidk, Pkhmanoana'i'k and (’iiito- 

MATK IN THK Sol.llTION 

Duriiif!: four or more years subsciiuent practice of the vana¬ 
dium method, given in tIu' preceding pages of ('ha|)ter II, some 
changes have been made to avoid the interference of any small 
amounts of manganesi' presiait in the solution, in the manganic 
state; or chromium that may be in the sam|)le to the extent of 
0.20 to 0.10 per ei'iit, or less; or of uranium. The latter ele¬ 
ment, when in the solution to the amount, of several iier cent, 
forms objectionable brown tints, si'riously obsiairing the end¬ 
point if the ferrievamde indicator is addl'd first; then the sul|ihate 
standard; and then the permanganate standard to obtain the 
old rose shade, liefore this eiid-|ioint is attained, the uranium 
brown color has ovi'i'shadowed it. Py the following modifica¬ 
tion these interfereiv'es are avoided. 

First from a 100 e.e. burette d('liver into an 800 c.c. beaker 
40 e.e. of the sulphate standard. Also pour in the beaker 350 
c.c. of distilled wati'r and 30 e.e. of 1 : 3 sulphuric acid. Titrate 
this mi.xturi' with the permanganate standard to get the relation 
between the two standards; assuming the vanadium value 
of the iiermanganate as corn'ct, that of the sul|)hute is calcu¬ 
lated from the result of this titration. The standards prepared 
as givi'ii on |)ages 12 and 13 .should be nearly equivalent in 
vanadium value. 

Ferro-vanadium.- Now, insti'ad of adding the ferricyanide 
indicator at the start, the titration is begun by adding the sulphate 
standard until all brown or pink tints are gone and a green color 
begins to appear ihu' to tlu' jiartial reduction of the vanadic acid 
to the hypovanadic state. Next, add the permanganate standard 
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\vitli iwitinucd stirritif; until a stroiiff n'ddish pink is rrachod; 
stir well and wad. thirty seconds to insuri' a complete reaction 
between the vanadium and the |H'riiian«aiiate as the former acts 
rather slfnvly at room temperatiii'e, make sure llial the red color 
d5es riot fade perceptibly dtiniif; Ifiie paiisi' In case a fading 
is noted more iiermangaiiate must be added, followed by more 
stirring, and so on, until llii' fading is no longer noticeable, 
llowevi'r, such fading does not occur as a rule mori' than once, 
if till' ri'd end-iioint is approached rather slowly and with much 
stirring afti'r each addition of the pi'rmanganate standard. 

The sulphate' standard is, again, dropped in to remove the 
exce.ss of the |)('rnianganali'; this is accomplisl i d by adding, 
the former standard, a few drops at a Inni', until the deep red 
is all gone and the solution has taken on, in the main, a yellow 
tint with a very slight but dislnict tan shade in it. .\t this 
stage 2 di'ops of the permanganate should cause a r('appearance 
of a slight suggi'stion of pink, as oni' looks down through the 
mouth of the beaker. The operator can then dischargt' this 
very faint pink with 2 drops of the sulphate standard. The 
solution is now ready for the lilration proper. 'I1ie reading 
of the sulphate Imri'tte is note,I; the ferricyaiiide indicator is 
poured in, and the sulphate st.indard is (li'opped in nnniediately 
thereafter, until the green color that, forms is changed to the 
first deep blue. 'I'liis dark blue is the end-point, and should 
be rather r.ipidly approaclu'd to catch the lirsl change from 
the dark green to the bltii'. Of course th» solution is stirred 
vigorously during the titration. 'I’lie sulphate used for this 
last titration, i.e., subs('<|uenl to tlii' |)ouring in of the indicator, 
minus the blank, is llu' sulphate ('(]uivalent of the vanadium. 

•Plain Vanadium Steel. -With a vanadium content of O.IO 
to 0.30 per cent, take from 4 or .4 grams of sample and proceed 
as dpscribed for chrome vanadium steel on page 18, u.sing .50 c.c. 
of 1 : 3 stilphuric acid to effect the solution of the drillings, 
diluting with about 20 c.c, of water to prevent the formation 
of crusts of sulphate of iron; warm until no further evolution 
of fine bubbles of hydrogen is visible; and then add 00 c.c. of 1.20 
nitric acid to oxidize the ferrous iron; heat until till red fumes 
are gone; proceed further as given on page 18, except that the 
excess of the hydrated oxide of inangiinese is filtered out by 
moans of a porous thimble, avoiding entirely the use of asbestos 
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filters. This same filter is now used for this purpose m the 
analysis of ferro-vanadiuin. Rut very slifiht suction is required. 
(See photo 2d, page 2!)S,) 

The filtrate and washings can ho pink with an excels of per¬ 
manganate as will he seen, t'l he volume of ail tests and hlaifks 
should be the same and should not exceed 350 c.c. just before 
the titration. Titrate the above filtrate in the same mamu'r 
as given for the ferro-vanadium, i.e., discharge all pink or brown 
tints to a clear greenish yellow (of course the green is not so 
noticeable in steels as it is in ferro-vanadium) by adding, at the 
start, about 10 or more c.c. of the sidphate standard; then 
continue as in the ferro and calculate the vanadium from the 
sulphate required to produce the dark blue after the addition 
of the indicator, less the blank, which for this ])rocedure is, in 
this laboratory, from 0.8 to 0.9 c.c. for i)lain vanadium steels. 

Blank Tests.—To obtain the blank test to apply in the 
analysis of ferro-vanadium of from 30 to 40 per cent vanadium, 
dissolve 200 mgs. of plain carbon ste(!l; and for plain vanadium 
steels, dissolve 5 grams of plain steed, just as directed for fi'rro- 
vanadium and plain vanadium stetd, respectively. Put thc.se 
blanks through all of tlu' opi'rat.ions and iitralions, noting the 
amount of .sulphate required to |)roduce a dark blue after the 
ferricyanide indicator has be(m added in the order given. The 
portion of a c.c. so consumed constitutes the blank to be de¬ 
ducted from all tests. Pay no attentnni should the dark blue 
of the blank begin do fade in a few minutes. This is caus(‘d by 
the oxidizing action of the nitric acid left in the solution. In 
actual work containing vanadium, the blue end-point does not 
fade or change so quickly. 

Blanks can also be determined by dilTercnce, i.e., a known 
amount of vanadium is added to a plain steel and it is then 
analyzed for vanadium. Assume, for example, that the value of 
the sulphate standard is 1 c.c. equals 0.00254 gram vanadium; 
further, that to 4 or 5 grams of plain steel have been added 30 
mgs. of ferro-vanadium containing 38.23 per cent vanadium. 
This mixture is then analyzed for vanadium and is found to 
consume 5.3 c c. of the standard sulphate. Now 0.3823x30 
equals 11.409 mgs. of vanadium and should require, if there were 
no blank, 11.409 divided by 2.54 equals 4.51 c.c.; therefore the 
blank is 5.3 less 4.51 or 0.79 c.c., or the blank to bo deducted 
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from a|l titrations to {jet tho iuiml)cr of c.c. of sulphate con¬ 
sumed by the vanadium alone. 

Chrome Vanadium Steels. 'rh(‘s(' ste('ls an* titrated Jis 
given on ^ages (i, 7, and 10. On t>age (i the directions read 
toVompletely reduce the chromium* in the solution by adding 
the sulphate standard until the “ chrome green no longer grows 
darker (that is, the green shade no longer gains intensity) and 
2 or 3 e.c. more, to insiire excc'ss.” '1 he following example shows 
how the operator can be sure that he has an excess of the sul¬ 
phate and that, therefore, no chromium remains in the chromic 
acid state which would consume some of the sulphate standard 
and be counted as vanadium. 'I'liis example is [larticularly 
useful when steels high in vanadimu are to be dealt with, i.c., 
containing from ()..50 to 2.00 per cent vanadiiiiii and over: 

EXAMPLE 

First P.iut or Ti:i; Tituction to Odtun tiu: Cmuomic.m (Made BEroHE 
Addino the Eeuiiicvanide) 

K^InO^ I.)(ni!)!c Svilphate. 

21 0 c. .second rcadiiij; of the iiiirctlc 97 2 o.c. 

0 c c fiist reading; of IIm* hiircltt' 0 2 c.c. 

12c.c. (A) !)7 0 c.o. 

12 0 (A) 

8.) 0 c c. 

S.5.f)X0.Cne.S.'XIOO divided l)y 2 c(|uals ll (it percent eliromimn when 
2 grams are lai.eii. * 

.Secom) Part or the Titu.ation to Odtaix the Vanadium Percentaue 
{.Made Im.medutely akteu .Vdiii.nc the Eekhicvanide Indicwtou) 

• Siiljihit’ liij till’ Viinaihuiii 

8 2 c.c. second reading of the burette. 

1 2 c.c first reading of tlie Imri'tle. 

7 0 c.e. or (1!) 

0 8 e.e (blank) 

0.2 c.c. 0,2X0.002.54X100 divided by 2 equals 0.78 per cent V. 

(A) should always be several e.c. in excess of (1!) to in.sure no cliromium 
being dragged over into the .seeond part of Ihc titration in the unreduced 
state and counted as vanadium. 



18 


Cr-V STKEL AN'l) FERHO-VANADltJM 


The Titration of Chrome Vanadium Steels in a Manner 
Similar to Terro-vanadium 

In this liiboratory thpsi stools aro now froquontly titrated 
for vanadium by oxidizinf; back the vanadium (after the usual 
excess of the double sulphaie has been dropped in the maimer 
just described to reduce both the Cr and V) by adding the per¬ 
manganate standard until a strong pink is obtained, d he 
solution is then stiru'd for a half miniiti' vigorously to note if 
there is a perceptible fading of the pc'rmanganate. If tlu'ie is a 
noticeable fading, then more ])ernianganat(' is added to again 
obtain a strong pink, which must show no perceptible change 
after thirty seconds’ further stirring, 'riieii tlu' exci'ss of per¬ 
manganate is slowly, drop by drop, taken up by adding, with 
prolonged stirring, the sulphate standard until two drops leave 
only the faintest suggestion of a pink as one looks down through 
the solution. Whim the right point, is reached, two drops of 
the pennanganate shoiihl again give a distinct increase of the 
pink shade, evmi afti'r tlu' iirescribed amount of Stirling. Two 
drops of the sulphati' standard should reduce this pink again 
to a faint color. 'I’he solution can be thus adjusted back and 
forth to suit the operator, to a nicety. It is then ready for the 
addition of the indicator and tlu' final titration to obtain the 
number of c.c. used by the blank jilus the vanadium, or (B). 


The Deter.mination of the Chromium Value of the Douhle 
S uLFii.ATE, A.vn THE Vanadium Blank for Chromium 
Vanadium Steels by Mean.s of a Known Mi.xtuhe. 

Suppose th(‘ above values aro needed for a steel of about 
3 or 4 jier cent chromium and ()..5I) to 1.00 per cent vanadium; 
then a suitable mixture would be 2 grams of plain carbon steel, 
free from vanadium, 170 milligrams of c.p. crystals of iiotassium 
dichromate and O.OTo gram of ferro-vanadium of 21.8 per cent V. 
The analytical data obtained in this particular case, after putting 
the mixture through the rc'gular operations given in the fore¬ 
going pages, are found below, together with the calculations; 
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KMiiO) \i«((l III llif lust |>arf 
of tlio tiliatuui to ol>tani 
. llic (Jiroinumi \ uluc 

(Ij S (‘.c. 


Till- dinil'Ii’ ’ il- 
pliatc Uv tlu'^ 

ciitu'iiiiiiii, rto 

SI 0 c.c. 


5(1 2 (!.(*. 


00 1 (■ c. 


0 0 c.c. 


SO.O c.c. 

80 0 c.c. 

9 (1 c.c. 

71 0 I- <■ ii^rd l)y the chrciiiimiii, alone. 


Potassium diclu'ornato coulmiis li.'t.B.') per (■eiit cliromium; tlioro- 
foi'c 0.170X0.35115 divided by 71.0 etnuils 0.000817, or 1 e.e. 
of the double sulphate r<|u;ils 0.000817 Kraiii of cliromium. 

'rile s(‘coud part of the titration made immodiatt'ly after 
iiddiiiX till' ferrieyaiiide indicator fiave the followiiifj readings 
of the sulphate consumed by the vanadic acid in tin' solution: 


8.S 2 e e secoiiil ri'iidaia of hurellc 
SI 0 e.e hist naniine ol lairelti* 

7 2 c.c. Hiiliiliate used iiy \ A t. and tlie hlank. 


0.075X0.218 ptpials 0.0t()35 uraiii of vanadium added. Taking 
the vinadium value of the sulphate standard as found by stand¬ 
ardizing it again.st sodium oxalate, as given on page 20, or 1 c.c 
equals 0.002531) gram of vanadium, one obtains by dividing the 
vanadium added, or 0.01035, iiy 0.002530 a quotient of 0.4; 
hence 7.2 c.c. minus 6.4 c.c. equals 0.8 c.c. or the sulphate blank 
to be deducted from the total amount of sulphate consunu'd in 
the vanadium titration of the above range (»f chrome vanadium 
steels. 


The Standardization of tiif. Douin.n Si:t.i>ii,\te for Vanadium 
BY Sodium Dxauate 

(A) The strength of the standards [ler liter are the same as 
given on page 12. 150 mgs. of c.p. sodium oxalate prepared 

according to Sorensen are weighed into a beaker, and dissolved 
in 20 c.c. of 1 : 3 sulphuric acid plus 150 c.c. of distilled water. 
(This sorlium oxalate can be obtained for a .small fee from the 
Bureau of Standards at Washington, D. G., or can be prepared 
by rccrystallizing the c.p. salt offered by the dealers.) The 
mixture of sodium oxalate is heated to about 80° C. and titrated 
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with the permanganate standard solution until one drop of the 
same changes the mixture to the faintest pink. 

(B) Also a measured amount of the permanganate standard 
is placed in a beaker together with 20 c.c. of 1 : 3 stdph’nic acid 
and titrated with the double sulphate standard until the piisk 
color just disappears to get the ratio between the two staildards. 
(10 FeS 04+2 KMn 04 + 8 Il 2 S().i =5 l''e2(S()4)3+8 H 2 ()+K 2 S 04 + 
2 MnS 04 .) The following equation explains the reaction occur¬ 
ring in (A): 

2 KMn 04 +.')Na 2 C 2()4 + 13H2S04 = K2S()t + 2MnS()4+ 10NanSO4 
+8Il2O + 10('O2.(1) 

Equation (2) shows the relation between the ])otassium iier- 
manganate and vanadium: 

6(V0)2(S04)2+2KMn04+8H2S()4=r)(V())2(S();)3 + K2S()t 

+ 2MnS(),+81l20. ( 2 ) 

Equation (1) shows that 2KMnOi are. equivalent to 5 Na 2 C 204 . 

Equation (2) shows that 2 KMn 04 are e(iuivalent to lOV; 
therefore 

5 Na 2 Ci 04 arc equivalent to lOV. 

(070) (510) 

The following proportion will henc(‘ give the vanadium equiv¬ 
alent of 0.150 gram of sodium oxalate; 

070 : 510 ; : 0.1,50 ; X. 

A'= 0.11417 gram of vanadium. 

By titration (A) it was found that 45.35 c.c. were required of 
the permanganate standard to combine with 0.150 gram of 
oxalate so that 1 c.c. of the pennanganatc equals 0.11417 divided 
by 45.35, or 0.002517 gram of vanadium. By titration (B) it 
was found that 40 c.c. of the sulphate were equivalent to 40.3 
of the pennanganate; therefore 1 c.c. of the double sulphate 
equals 0.002517X40.3 divided by 40, or 0.002536 gram of vana¬ 
dium. The double sulphate standard should be tested according 
to (B) on each occasion that it is used and its vanadium value 
adjusted according to the relation so found. 
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SOME reci:nt analyses of FERRO-VANADIUM 



No 1 

No 2 

No 3 

No t 

No f) 


I'pr ('.•lit 

For Cnt 

Per Cfiit 

Per ('flit 

Per ('flit 

c., .. •.. 

Mn .... 

0 (Hi 

0 O') 

0 08 

0 13 

0 19 

0 u 

0 IS « 

0 19 

0 22 

4II 

Si ... 

1 .52 

(197 

0.()() 

0 92 

8 35 

V 

■10 11 

•to 5t 

.39 U) 

39 50 

35 02 

Ni 

0 72 

1 32 

1 os 

2 50 

7 74 

Cu 

None 

None 

None 


None 

Al 

0 9.') 

1 22 

1 38 

0 92 

1 43 

Me 

0 92 

1 00 

0 92 

0 00 


Fc 

.5-1 1)5 

51 10 

5.5 20 

51 .50 

42 00 

P 




0 13 


S 




0 05 

0 20 


Fur th(' (lutiTinmalioii of Viinndiuia in Vunndium Circe, see page 309. 


(’hhomivm and Vanadium in Ai.i.oy Steki.s 

The Method os it xx Xow Vxed bx/ the Axithor for Routine 
H'or/.',—Dissolve 3 {'rains of sample in (iOO e.e. Iieaker: add 30 c.c. 
II 2 SO 4 (I : 3) and 700 e.e. water, Mid heat fiently until dis.solved. 
Add eautionslj' 30 e.e. HN'0:i (1.20 sp. nr.), inerea,se heat slightly 
and boil until all brown fumes have been expelled. The tungstic 
aeid of high s|)eed steels changes from a dirty blai.'k to a yellow 
color when fully oxidized at this stage. The tungsten must 
show as a bright yellow residue or (ir and V results will be low. 
If not bright yeHow, add more nitric and continue to digest 
until clean bright yellow lungstic oxide is obtained. Keep 
barely at boiling temperature till clean yellow. 

Dilute with water to 300 e.e. volume; bring to a boil; add 
KMn 04 .solution (25 grams jrer liter) from a pipette or glass 
tube until a slight prcci|iitate of manganese oxide begins to 
form'. Boil for fifteen minutes to decompose any excess KMn 04 . 
Should the solution clear up on boiling, more KMn ()4 solution is 
added until a permanent iiroeipitatc forms that settles out, 
leaving the total sediment of a brown color even when tungsten 
is present. CAiol to room temperature in a pan of cold running 
water; filter through a porous crucible, using suction, and wash 
residue in crucible fifteen times with water. 

■ Clean the original beaker by rinsing with a few c.c. of ferrous 



22 


Cr-\- .STi;i':i, AND FERRO-VANADIUM 


pulpliiito, then with walor to roniovc the sulphate. If there is a 
yellow deposit of tunf!:sli(' aeid adlierins to beaker, \ise ammonia 
to dissolve, then rinse wit h wat(‘r, lleieid the e!eaniii)rs. Transfer 
filtrate to original beaker; if perfectly clear, proceed ^V'ith titra¬ 
tion, othtu'wise r('filter, S('V('ral tests may be filtered succ('.ssively 
through the same porous crucible, until slowness of filtration 
warrants cleaning out the deposit. 

Titration. Solutions reiiuired: N/20 ferrous ammonium 
suliihate; N,'20 potassium-permanganate; K.iFed.No (5 grams 
121) c.c. water). 

Using two UX3 c.c. burettes, graduatrcd either in fifths or tenths 
of a cubic centimi'ter till one with KMnOc awl the other with 
N 21) UeAiu sulphati', being careful to e.xclllde all air bubbles. 

Record readings of burettes, which should for convenience be 
zero or thereabouts. While continuously stirring test, add rapidly 
from burette, N 20 FeAm siilpliale. The test passes through a 
gradual color change from yellow to green or perhaps a blui.sh 
tint, if considi'rable vanadium is pre.scnU 

With a little experience, tlii' operator may easily judge when 
no further change in color is caitsed by the addition of a few cc. 
in excess of the FcAiii siiliihate solution. At this stage all chro¬ 
mium is reduced to (hgOii and all vanadium to V 2 O 1 . Back 
titrate with N, 20 KI\In ()4 until just the faintest pink persists on 
stirring two minutes. 'I'lie eye can be readily trained to observe 
a pink lingo in such a solution due to 1 or 2 drops of N/20 KMn() 4 . 
At this stage all vanadium has been oxidized back to Vot).', and 
the excc.ss Fe.Vm sulphati' destroyi'd with an cipiivalent of KMiiOa. 
By .subtracting the c.c. of KMiiO^ con.suiiied in back titration, 
from the total c.c. of Fi'.Am suliihate used, we have the exact 
amount, of sulphate solution required to reduce the chromium 
present. See “ (,'alculations.” 

\’an,\dium Titiution 

Having recorded the final burette reading in the chromium 
determination, transfer the last sulphate reading to a space set 
aside for calculation of vanadium—thus making it the starting- 
point for this determination. If less than 15 c.c. F'eAm sulph. 
arc left in the burette after the chromium determination, refill 
and note the reading before starting the vanadium titration, 
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as it is l):ul practice (o refill flic hurctfc' in the niiiist of (itration 
of the vanailiuni. Add from a pipefti' or ^lass tube, 2 

FcCN(i solution and titrate r.ipully yet carefully to the first 
appearaiui(' of a dark-blue color, 

•Note the burette readinff and su^ilract the previous reading 
from if. A blank representiu<r the amount of F(>.Am sulph. 
reciuired to produce the blue' en(l-|)ouit in the vanadium titra¬ 
tion is further subtracted; this final dilTerenci' is the e.xact amount 
of sulphate reiiuiri'd to I'educe the \’2(>.-> to XAOi. 

Standards, Duplicates, Precautions, etc. Do not filter warm 
or hot solutions llirouph porous crucibles, because of th(' invariable 
tendency to reduci' tlu' chromium, thus fjivuifj a final value too 
low in per cent chromium. 

When vanadium is jireseut, the |)ink of tiu' KMnOi used in 
back titration fades out on stirring and is not tieruuinent until 
all V 2 D 1 has been oxidized to V-jO-,. It is essential that tlu' num¬ 
ber of c.c. of KMiiDt consumed 111 back titration of the chronuuin 
be ill excess of the number of c.c. of sul|)hat<' used in the vanadium 
titration to tbi' extent of 3 or 4 c.c. at least. Otherwise a little 
chromium may I'scaiie ri'dueliou and be couiiti'd as vanadium. 
This is important. 

Should the opi'rator obsi'rvi' that in back titratiiiji for chro¬ 
mium only a few lac. )i;ive a permanent iiink; stop; aild I'l'Am 
suliih. until test is preen, then r(‘sunie the KMiiOi back titration. 

The follow'inp synthetic standard is suitable and convenient 
for chromium-vanadium steel. 


200 mp IvX'rt); (S-') tt.') per Cr) 
■to nif'. I’cV fits ;r> |): r cciit \) 

2 prams plain steel 


; 3.."(I per cent Cr 
■ .TU.-) jier cent V 


The plain steel used in makin}; the standard analysis con¬ 
tains .01)3 per cent Cr and no vanadium. 

I'f a test clouds up immediately on iniliinp; in the ferricyanide 
solution for the vanadium determination, copper in considerable 
quantity is present. 

Nickel and cobalt up to 5 iier cent do not interfi're if the 
vanadium titration is made rapidly, after jiuttiiip; in the ferri- 
cy.anide; the test clouds on standing: for some time. 

If copper is present in siillicieiit (luanlity to f;ive a dense 
cloud when the KsFeCNo is added, then dissolve the steel as 
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already described, tising the precautions given to insure prefect 
solution if tungsten be present. 

Then filter off the tungsten, if any bo pi'cscnt; wash it with 
dilute sulphuric acid wash water; evaporate filtrate a/ul wash¬ 
ings to slight fumes of SO 3 . Dense fuming renders the chromium 
insoluble. 

Add 200 c.c. of water and 20 c.c. more of 1 : 3 sul|)huric acid; 
heat until all salts are in solution and pass a rapid stream of 
H 2 S through the solution until precipitate settles out well and 
supernatant solution is clarified. Filter into 500 c.(a beakers, 
wash twenty-five times with II 2 S water c.c. H 2 S ()4 (1 : 3), 
,500 c.c. water, saturated with II 2 S). Concentrate filtrate to 
100 c.c. volume, add 30 c.c. llNDu (1.20), boil for five minutes, 
dilute to 300 c.c., bring to a boil, add a slight excess of perman¬ 
ganate, boil, and proceed in the usual manner for determining 
chromium and vanadium. 'I'hc ('uS [ireeipitatc is quantitative 
and may be determined by titration with KC!N. It is a rare 
occurrence that enough coi)per is inesent to interfere. 


N/20 KMnO, 
11 8 
0 0 

11.8 c c. 


EXAMPUE.S 


KiCr/); 200 mg. 

EeV 40 mg. N/20 Fc.^m galph. 

.Ptain sU'cl. 2 gm. 90 0 

0 0 


90 0 
-11 8 


. 3.53.5 gm. Cr in 1 gm. K2Cr20; 
2 

84.2),07070U00( 0008396 
.Y 100 


1 c.c. = . 084 per cent Cr on 1 gm. ba-si.s 


.3825 gm. V m steel 


V-blank 


84 2 c.c. 


7 0 
0 0 

7 0 
-0 0 

1 0 c.c. 


_ 04 

01.53000( 00254 gm. = vanadium value at 1 c.c, FeAm sulph, 
1.524 0 02 c.c. = Fc.\m sulph to reduce vanadium added. 


000 

508 

- 1 c.c. = .254 per cent V on 1 gm. basis. 
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Method U^Kl^ in Cu and V 


N/20.KMn04 
21 0 
U S 

9 *2 c.c. 


\l\ ;l Sul 3 Ktn 
1 02 per oi'iit Cr 
22S piT rent V 

* 


N/20 l'>\ni sulph. 

ria 0 

7 0 

4 () 0 
9 2 


(1103 Hill Cr .11 1 gm. Alva. 
3 

30 8) 03l)900( 00081 
2011 


30 8 c.c. 


50 7 
.53 0 


1100 3 7 

1172 2 7 

V-l>hnik 1 0 c.c. 

1 c c. = 084 per cent Cr on 1 gm biiMs. 

.00228 gin. V iii 1 gin .VIvii 
3 

.0U0810{ 002.71 gm V value of 1 e.c. X,20 I'’e.\m Kulph. 


r,0K 

2 7 e c 


1700 

N,/20 K.MiiO, 

N'o .lOn 1 riti N 20 Fe\iii is 

ulpli 

31 0 

49 .59 0 


21 0 

OSl 0 0 


_ 

- - 

03 .5 

10.0 c.c. 

190 r,<) 0 

.59 0 


392 10 0 



4)4 110 - 

, 19 1 e 

1 .5 

c. 1 0 c e blank 


1 029 

• 

3 .5 


1 03 Cr 

22 V 

N’o ,10. .1 gm 

X 2.51 

1270 

702 

4) 8.S90 

222 

39 1 

12 3 

4,5 0 

31 0 

084 

0 0 

8.1 

192 

45 0 


nsi 

8 1 


— 

3)30 9 


1 0332 

12.3 CO. 
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1 03 Cr 48 C 

.22 V 4.') 0 

3 (■) 

1 0 (' (■ bliink 

2 Ij 
A’ 2.54 

1.521 
50,S 
3) OOOl 


Vanntion from Otc iihnrc Din’ction^ 

.5 ppr cent Cr to 2 per crnt Cr iisr 3 to 5 gin. snniplcs 

2 per iTiit Cr to 5 prr cent Cr iim- I i to 2 gm. s:itii|)!c.g 

(Ivor 5 per n'lit Cr .u.sc 1 gin. 

When rr-gftiiii sninplr's arc lakcii, ilissiilvc in .R) c.c. HpS 04 
(1 : 3) anil 60 ('.c. ilislillcd walcr, then tixiclizc witli 40 c.c. UNOn 
(!.20), after which proceed ;is ontlined in the foregoing inctho'': 


Hapii) Mktiiod for 1’hi.;li.mi\'.\iiy r5..\Tii Te.sts 

KMnOi Method, Destroying Excess Pink Coloration with 
Manganese Sulphate: Chromium, 35 Minutes. Weigh 2 grains 
s:iiii|)l(' in 600 e.e. beaker, dis.solve in 100 (•,(■. H;>S().i (7.^ per eeni, 
by vol.) on stove or hot plate. When dissolved, remove from 
heat and tidd cautiously 30 e.e. llXOa (1.20). Iteplaee on stove 
and boil off all brown fumes. Dilute to 200 e.e. with boiling 
distilled wa((‘r. 

Adtl KMnOa solution (25 grams per liter) to the boiling solu¬ 
tion in smtdl doses until test is pink, and a slight cloudiness 
liersists. Hoil five minutes; remove from stove; add cautiously 
200 mg. manganese sulphate crystals; replace on stove and'boil 
five minutes longer to destroy excess KMnOi. Place beaker 
containing test in a pan of cold running water and bring to room 
temiiei'ature. 

Filter test through a porous clay crucible, wash ten times 
with ilistilled water from fine jet, transfer to original beaker, 
then titrate with N/20 r'cAm sulph. and N/20 KMn 04 in the 
usual manner. 
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KMnO« 


13 3 


EXAMPLE 

No I ! SI. I ( 70 Cr) 

- mu 

I;^^I J.'nding 

liot leading 




12 7 io !)o sobtraclod from FoAm sul])h. 
70 Cr in Std. 

2 Kin 

17 o.cjl 1000()( 0S23‘) 

1 3(; 


FcAni Bulph. 

. 32.8 

3 1 

2‘) 7 
12 7 

17.0 c c. 


Factor 


1 (• (• ^.().S24 per i 

■ent (T in 1 gm. sample 

K.MiiO. 

Sample N'o IC-.'iS Fc.\m 


- Kill 

Hi <) 

ts 1 

13 3 

.3 2 .S 

3 ti c.c. 

13 li 


.3 () 


12 0 c«, 


0S24 I'aclor 
12 


1018 

S21 

2 gm ‘)SSS 
4041 


.40 C< 


(Time rc(|uirod, 3.j minutes.^ 
lictiKirks 

lOO c c. TLSO 4 (71 per r(‘nt=:(3') c.c. IRSO^ (1 : 3)) 
(70 0 c. water ) 


Modei'ute suction is used when fillci-inp; test through the porous 
clay crueihle. Should test have a i)ink color after transferring 
to original Inatker, add 100 nig. inoi'e of manganese sulphate and 
boil until cloud forms, requires about five minutes’ boiling. 

Cool; lilt.i'r; then proceed with titration. Do not incrcane the 
done of maiiijancsc sidi)h(ttc, as it makes the result too high {see 
page 2S). 
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EFEKCT OF MANGANOUS SUIA’UATK ON CHROMIUM RESULTS 


No. 13 Std. 2 sm. plus 100 iiiR Mn siilph.09 tormlt 

No. 13 Sid. 2 grn. [ilii.s 21)0 mg Mii hidpli.71 correct 

No, 13 Sid. 2 gm. plus ."OO mg Mn sulph. 73 too high 

No. 13 Sid, 2 gm. phn .‘lOD mg. Mn siilph. 70 toh high 

No. 13Std. 2gm pits .UK) yg .Mn .sulph. 773 too high 

Correct chrome value for No. 13 .Std...70 piT ci'ht Cr 


Modified Persulphate Method for Rapid Preliminary Bath 
Tests—Chromium -Time Twenty-five Minutes. - WVieh I linim 
sample in 400 e.e. benker; ilissiilve in 100 e.e. HgSOi (7^ per cent 
by volume). Add 30 e.e. llNOa (1.20) and bod until all brown 
fumes have been expelled. Add 20 e.e. .AgNO, soiiilion (li gram.s 
per 1000 e.e. wali'r) followed imniedialely by 20 e.e. aimnoniuin 
pei'sul|)hate soliilion (210 grams per 1000 e.e. water); thiui 
boil moderately iinlil line bubbles ari' no longer expelled. 

Add 3 e.e. of a, .a per cent solution of IK’I, and boil for two 
minutes; if solution has any trace of red color left, add 1 e.e. 
more of the .) ])er cent IH'l and boil another minute (i.e., the 
|)ernia,nganale pink of I he test should lie destroyed with the 
.smalli'st possible exei'ss of fU'l). 

Cool in a pan of water to room lianpt'ratiire, then titrate 
with N 20 ferrous ammonium sulphate and N/2() KMnOi in 
tile usual manner for ehromium and vanadium, using a 5 |)er 
rent solution of K„Fe('N„ as an internal indicator in the vana¬ 
dium tilralion. 

Ji'eitnirLs.- 'I'he ehromi* faetor is a liltl(> higher and the vana¬ 
dium blank lower m this method, as compared with the perman¬ 
ganate method filtering through clay ermabh' method. 



KX.VMPJ.K 


K.MiiOi 

No (7UCr) 

I'lclm aulph. 

32 4 

1 ifiii 

23.1 

2li 3 


S 7 

0.1 

0S1.3 

14.4 


8.3) 70000 

0 1 


OIU 

8.3 


300 



332 



280 



249 
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CliEOMiUM AND Vanadium (' k ou of Tfnostf.n) 

Persulphate Method.- Walters’ Method, Combined with 
Author’s Internal Indicator Scheme.-- WciRl'. 1 to 2 ffinins in 
(iOO c.c. benkcr. Do not use more tlinn 1 srain of sample if 
(he chromium is above' 3 per cent. Dissolve in 100 e.e. IDSOi 
(7.' per cent by volume) on stovi' or hot plate. Add 30 c.c. 
UNO;) (1.20 sp. };r.) and boil fri'iitly until all brown funii's have 
lieeii exiielled and tuiij’sten has beeoiiu' brijeht yellow, if present. 
Dilute to 200 e.e. with dislilli'd water, brinn to boil, add 20 e.e. 
A^NOn solution (0 ftrams per 1000 e.e. water) followed imine- 
diali'ly by 20 e.e. ammoiiimn persiilphati' soliilion (240 uram.s 
])er 1000 e.e. water); then boil };ently until line bubbles are no 
lotijrer exiK'lled. 

Add 3 e.e. of a .I pi'r cent solution of H(’l and boil for two 
minutes; if tlii' solution has any trace of red color left, reiieat 
the dose of .5 per cent IK'l, and lioil af 2 ain (i.e., tlie permanganate 
pijik of the test should be di'stroyed with tlu' smallest jMssible 
exee.ss of IlC'l). (tool in a ])an of water to room temperature, 
then titrate (w'ithout filt('riiif> off any iireeipitates) with N/20 
ferrous ammonium sul])hate and N, 20 KMn 04 in the usual 
manner for ehromium and vamuliiim, iisiiif; a .5 per cent .solu¬ 
tion of K'FeCNii as an internal indicator in the vanadium titra¬ 
tion. Filti'r off all |)reeipitate before titratiiif? if the manganese 
is nitteh above .60 per cent. 

An exee.ss of 5 per cent H(’l gives low ehromium results. Steels 
above O.OO per cent manganese content givi- intensely red solu¬ 
tions, after addition of ammonium persulphate and, on boiling, 
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yield chocolate-colored precipitates of oxides of manganese. 
When chromium is wanted the inangaiu'se oxide precipitates, 
if not destroyed, consume ferrous ammonium sulphate in the 
titration of chromium giving results for chromium thak are too 
high. 

It is safer to fdter out this nianganes(! oxide on account of 
danger of adding too much IK’l wlii'ii trying to redissolve it. 
No dilliculty is exi)erienced in titrating chromium and vana¬ 
dium, without removing thi' tungsten hy this iiersulphate method. 

d'he above method is suhstantially the method as proposed 
1-y 11. Walters, except the use of the internal indicator. 


Determination of Chromium and Vanadium ry the Method 
OF Removino the Bulk of the Iron with Ammonia 

For determination of small amounts of chromium and vana¬ 
dium, dissolve 5 to 1.) grams of steel in 50 c.c. 1 : 3 II 2 SO 4 , dilute 
with 50 c.c, of water, using a 000 c.c. beaker. After action is 
over, filter off the insoluble residue, wash it about fifteen times 
with dilute auliihuric acid. Cull this filtrate rnd washings No. 1. 

The insoluble residue is then washed i-lf into the original 
beaker and held for further treatment, to be described later. 
It will contain much or little of the Cr and V, depending on the 
total pcrcontagi' of carbides pri'si'iit. 'fhe filter paper may still 
contain a little V and C in its iiores. Ash it in a porcelain 
crucible; dissolve it in a few droiis of cone. IICl with heat; fume 
with 0 c.c. 1 : 1 IDSO.i to remove llCl. Add it to (A). 

Dilute the filtrate No. 1 at once, to about 200 c.c., and add 
1 : 1 ammonia slowly with constant stirring till a black pre¬ 
cipitate forms. At this stage, add drop by drop about 2 c.c, of 
ammonia in excess to assure a coniplete precipitation of all the 
chromium and vanadium with very little iron. 

Filter at once and redissolve in 50 c.c. 1 : 3 H 2 SO 4 . Wash 
paper twenty-five times with dilute sulphuric acid wash. Pour 
filtrate and washings into the original beaker containing the 
insoluble residue (volume at this point should not bo more than 
100 C.C.). Heat beaker for a w'hile and add 40 s.c. of 1.20 HNO 3 
to oxidize all carbides (A). 

Continue to heat until any tungsten carbide present is yellow; 
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By tliis tinio vanadium and chroinium will be ii> solution, or 
if no tunpston is in-psont heat until all red fumes are gone and 
‘the I'esidue is \vhit(' and (loatiTig. Boil a few minutes and then 
add iXTiiianganale from a pi|K'tte a little at a time until a brown 
prUcipilate of iraiiganes(> o\ide fojr'pis that doi's not dissolve 
aftt'r twenty minutes’ boding. The boding with permanganate 
brings the ehroiuium and vanadium to their highest stage of 
oxidation, 

l''dter off the <'\ei‘ss of manganese oxide together with some 
silicon and tungsten, if any is present. Use a heavy suction 
bottle and a porous crueible (/.ircoiua crucible is iirefi'rreil). 

Wash the residue m tlu'crucible about fifteen limes with water 
only. 'I’r.uisfer filtr.ite to clean bc'aUer, volume about 300 c.c. 
Finish as usual for chromium and vaiiadiimi with ferricyanide 
as an internal indicator, i^ee |)ages 7, S, i), 10, 11, 12, and 18 2.). 

'file advantage of the method of course is to remove the 
bulk of iron, thus enabling the operator to take larger weights 
of sample. In this way a steel eontaining 0.1 to 0.02 per cent 
t'r or V, or both, can be analyzed with just as much accuracy 
as one containing 1 or 2 |)er cent (’r, and 0.25 to 0.50 per cent 
V or higher. 


tabu; siiowinu, iiitsui/rs obt.mnfd by method on known 

STEELS 


Stool Takt'ii, (iitniis. 

I'liioii.eini 
\iM. .1, 

C. 1 Cci.l 

_ _ 

Ifustlll,, 
l''oDn<l, 
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\ tMUlduill) 
AtUled, 
Pur (‘ciil 
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lOnMul, 1 

IViOnt 

.5 

3 07 

3 00 

0 043 

0 0,50 ‘ 1 0 

10 . 

(1 271 

0 278 

0 040 

0 030 ! 1 5 

9 

0 .M.i 

0 w 

0 024 

0 020 I 1 5 

10' 

None 

None 

0 115 

0 112 0 0 

10 

None 

None 

0 070 

0 070 ' 0 0 

Cr, V, and W sled, 2 gms. 

3 03 

3 til 

83 

82 i 

Cr-V .steel, .I gms 

1 00 

1 08 

25'! 

244 : 

Cr-V steel, 8 gm.s 

,545 

,550 

024 

033 : ... 

Cr-V steel, h gins 

1 03 

1 01 

0 220 

0 237 ; .... 

U. S. No. 3) Sid , 3 Rins 

1 37 

1 37 

0 215 

0 22 : 

Cr-V steel, .5 gins 

1 (Ki 

1 (1.5 

0 228 

0 228 1 , 

24 Cr-V steel, 5 gms 

1 00 

1 03 

0 140 

0 142 .. 

Steel, 2 gins 

None 

None 

1 913 

1 879 I 03 

Cr-V-W steel, 2 gins 

2 75 

2 72 

3 19 

3 23 

__— -. - . 
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Carbon.—Tlio IiIrIi carbon, low silicon fcrro-vanatliuius 
(l('carboniz(‘ readily in the electric furnace with o’xyRch only. 
The lower carbon Riades and liiRh silicon varieties yield bettei’ 
if they are iiiixed with an eciual weiRht of red lead,«if burned 
in the electric furnace, or^with foui- times their weight of ted 
lead in the ten-buriu'r ISunsi'ii combustion furnace. 

Nickel in Ferro-vanadium. biirRC anmunis of vanadyl salts 
in solution yield aninioiiiacal cilrales of a vi'ry dark Rreen color. 
niakiiiR it an niipossibilily to see eiid-poinls in a cyanide and 
silver titration. The raiKulic salts are free from this objection: 
Dissolve 1 Ri'aiii of the ferro-vanadiimi in a mixture of 30 c.c. 
of 1 : 3 sul|)hiiiic acid and the same (|uantity of 1.20 nitric acid. 
I’se a little liydrolluoric acid and then evaporate to fumes with 
sul|)huric acid, as already described in this chapter, if there 
should be an insoluble residue after lieatniR with the mixi'd 
acids first mentioned. Hod the sulphuric and nitric solution, 
or the water solution of the fiimi'd residue, with an excess of 
permanRiinate; filler out tlu‘ oxide of maiiRaiu'se; wash it with 
sulphuric acid water. Keiilralize the frei' acid in the filtrate 
with ammonia bcfiirc addiiiR the ciliic acid,'' or the latter will 
reduce the vaiiadic to hypovanadic acid afiain. 'riien add a 
slifilit excess of ammonia to the clear solution and titrate the 
nicki'l in the regular way with cyanide and silver nitrate. (See 
Chapter IX,) If co|)per i^ pri'seiit it will interfere, and the 
H-.>S method Riven in pi.p,' 0 is the simplest wav to prevent 
the interferenci' and to oblaiii I hi' ]ierccntaRe of the latter ele¬ 
ment in till' sanii' analysis, Kem(,ve the co|)per befor,' addiriR 
the cilratia 

Manganese in Chromium and Vanadium Steels.—The man¬ 
ganese is obtained as in steels, by dissolving t).l).')() to 0.100 grijm 
of sample in 40 c.c. 1.20 nilric acid, boiling off red fumes, further 
boiling for four minutes with 1 gram of leail ireroxide of a light 
brown color. Very dark brow'ii to black-looking lead [leroxide 
should be reject'd, as tlii' black-looking variety invariably gives low 
results. In the writer’s experience with different, lots, the black- 
brown peroxide gives results from 10 to 20 ix'r cent too low. 
After boiling four minutes with the brown peroxide, the solution is 

•It is still better to add aniniomuni eilrato made by neutraliziiiK the 
citric acid with ammoniu. d’liis does a\\a> entirely with the \anadiura 
green. 
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promptly put, into cool water iiiid from thci'c into cidil water. 
After tlie exee.ss of lead peroxidi' has heen allowed to set tle for 
feu minutes, or more, if coiivemeul, the pink solution is c.are- 
fully deeaited into a o-ouiice heaker and titrali'd with a standai'd 
soliftion of sodium arsenite until llii' yiiik shade is gone and tlm 
shf>;hl ycMlow of the nitrali' of iron apiiears. 

tdiroiiiium irives hi^h results hy the iirocess just descrihed 
and must first he removed as follows: Dissolve' t).150 or Dot) 
jiram of tlu' chrome or cliroiue-vanadiuin steel in 5 c c. of 1 : 3 
sulphuric acid in a 'i.'iO hv 2.') iiiiu. test, tube, warminf>: gently 
till action is over. Warm further with It) c.c. of 1.211 nitric 
acid and hoil off red fumes. Cool to room temperature; dilute 
to about 30 c.c. with water. Add a rather thick cream of zinc 
oxide until Ihi' ferric and chromic hydrates begin to settle, 
leaving a ring of clear fluid on the top. Continue the addition 
of zinc oxide cmdma.'./iy until a slight, excess is pi'csi'iit, as shown 
by a Ihiii layer of it settling to the bottom of the test tube. Avoid 
a large cxccrs of zinc oxide, as it, will cause an error in the volu¬ 
metric measurements. Cool again and dilute to the 75 c.c. 
mark. Close the tube with a clean riihhcr stopix'r and mix the 
contents of the test thoroughly by reiicated iiiversioiis of ihi' 
tuhi'. After the precipitate has settled somewhat, filt.i'r through 
a dry filter into a ilry hi'aker. Rinse a 25 c.c. pipette three 
tiiiK'S with some of the filtrate and then di'hver 25 c.c. into a 
250 hy 25 mm. test tube, add 15 c.c. of coiici'iitrated nitric acid, 
bring to hoil, add lead iieroxidi', boil four ipinutes and finish 
as in plain steels. This iirocess can he carried through in forty- 
five minutes and is entirely accurate for technical analysis to 
2 per cent of mangtinese. 

Manganese in High Silicon Ferro-vanadium that is Par¬ 
tially Insoluble in Acids. - Some ferro-vanadiiims have heen 
encountered that are partially iiisoluhh' due to high silicon, 
and perhaps also to high aluminum content. 'Ihese typi's are 
rather rare. I’o obtain the manganese procei'd exactly as 
described for the determination of manganese in the complete 
analysis of fcrro-aliimunim-tilannim iiUoii, pagi's 47-48. If 
mangane-e only is wanted, 0.200 gram can hi' taken and fused 
in an iron criicililc with a mixture of 2 grams of NaotTIa and 
1 gram of Na 202 and then proceed exactly as described on 
pages 47-48 for the alloy of silicon-aluniinuni-titanium. Run 
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blanks, as iron cruoiblns soniptiines contain considorable man- 
ganoso. 

Sulphur. —Forro-vanadiuin docs not dissolve c'oiniil(d,ely iir 
dilute hydrochloric acid so that oven approximate siil^rhur tests 
by evolution are not available, d’o determinti sulphur in Jow 
silicon ferro-vanadiiiin dissolve 3 grams of sample in 100 c.c. 
of concentrated nitric acid in a COO c.c. beaker. When action 
ceas(>s add immediately 50 c.c. of concentrated hydroidiloric 
acid for, in alloys containing 35 and higher percentages of vana¬ 
dium, a rod precipitate settles out in large (iuantiti(‘s if hydro- 
chlori(^ acid is not present to dissolvt' it. The |)i'es(>nce of the 
red pn'ripitate has a disadvantage. It causes th(^ contents of 
the different be.akers to spurt. 'I’wo grams of carbonat(! of 
soda .are added. The solutions are transferred to No. C porcelain 
dishes and evaporated to diyne.ss. Tlu' i-esidue is dissolved in 
100 c.c. of hydrochloric acid anil evaporated again to dryne.ss. 
Solution is once more effected with .50 c.c. of cone, hydrochloric 
acid followed by evaporation to a scum. Ten c.c. of concen¬ 
trated hydrochloric acid are employed to dissolve the scum; 
100 c.c. of w.ater are added; the solution is filtered; diluted to 
300 c.c. and the suljihate precipitated with barium chloride, 
using GO c.c. of a saturated solution diluted with 240 c.c. of 
water. Blank diderminations are made of exactly the same 
reagents and the sulphur found is deducted.* 

One gram of highly silicious feri-o-vanadium is fused with 
a mixture of 20 gi'juns of sodium carbonate and 4 grams of |x)tas- 
sium nitrate. The fusion is dissolved in water, acidulated with 
hydrochloric acid, evapoi'ateil twice to dryness, taken up with 
20 c.c. of concentrated hydrochloric acid and sufficient water 
to dissolve the sodium chloride, and filtered. The s\d|)hatc in 
the filtrate is precipitated with barium chloride solution. 


Determination of Aluminum in Soluble Ferro-vanadium 

Dissolve 1 gram of sample as far as possible with 1.20 nitric 
acid in a No. 5 [xircelain dish. When all action is over, evaporate 
to dryness on a graphite bath. Ignite until all red fumes 

Or fuse 1 gram with S gr.ama of NajO.. m an iron crucible; dissolve in 
water; acidulate with HCl, etc. 
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are Rono over a Bunsen hnrnev, or preforalily in an electrically 
heated nintlle furnace al a low real lu'at. Cool, then dissolve 
.in about 20 c.c. coneenlrated llCl; heat until all chlorine fumes 
are gono^ and all hut the sdiea is in solution. Filter off silica, 
w§sh it free of iron test with 1 ; 40 IICl. Smoke off filter 
paper-in a platinum erueible; then* increase the heat until the 
ash is free of charcoal. Add to the a.sh about 10 c.c. IIF, and 
then 5 e.e. of 1 : 1 H 2 SO 1 , and when action is over, evaporate 
to thick fumes of SO.i. Cool; add water cautiously and heat 
until all is in clear solution, 'rraiisfer this solution to tlu: main 
fdtraU^ from the silica. Dilute all in an SOO c.c. Ixaiker to about 
300 e.e. Add cautiously from a small |)orccl.iin spoon, .sodium 
pero.xide iiiitd sufficient of it h.'is becui us('d to i)recipitate all of 
the iron; and the su|)ernatant fluid is alkaline. (Keep the 
cover on the beaker as much as i)ossibl('.) 'riien add 5 grams 
of NaaO^ in excess, and also .5 grams of Xa-.'Ct):;. Bring just 
to a boil; cool; add paper pulp ma<le fi'o:ii ashless filter paper. 
Stir the pul|) W('ll through the precipitate of liydroxiile iron, etc. 
I'se a ball of jtulp about J inch in iliaiiK'lt'r, filler the mixture 
of pulp and iron hydroxide through a double 12 centimeter paper. 
A small square of cheesecloth can be foldi'd in with the filter paper 
at its apex to prevent the alkaline .solution from tearing the paper. 

Wash the mixture of pul|) a.nd hydroxide of iron with sodium 
carlionate wash (5 grams dissolved in .'>00 c.c. water) about twenty 
times; sl.ir the pai>er pulp during washing, bringing the bottom 
p.art of the mass to the top. Fach washing to be effective must 
be thoroughly drained off before the next oTie is applied. 4'his 
filtrate and washings contain the bulk of V and Al. Add to it 
slowly from a burette 1:1 IICl with coiisti'tit stirring until 
the solution no longer turns turmeric paper even a faint brown 
blit still reacts alkaline to litmus paper. AI(ONa)3+3HCl = 
3NaCl+AI{OII).!. 

If considerable aluminum hydroxide separates out at this 
point, then tlii' iron and pulp residue from the first peroxidation 
must be dissolved off in hot 1 : I IICl and thoroughly washed 
with 1 : 40 IICl. This filtrate and washings are peroxidized 
as before, using 5 grams peroxide and 5 grams of carbonate in 
excess, brought to a boil, cooled, filtered, and washed with car¬ 
bonate water. The alkaline filtrate and washings are made neu¬ 
tral to turmeric paper and still slightly alkaline to litmus paper. 
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If very little alimiinuin separates out at this stage, that 
is, only a slight cloudiness occurs, then the third peroxnlation 
of iron is not necessary. The ahnninuni hydroxide from the 
first and second ])eroxidations are filtered through tjie same 
double 9 or 12 centimeter filter, size of paper depending on tjje 
amount of precipitate. 

Wash this mixture of aluminum hydroxide and paper pulp 
with ammonium nitrate wash (.5 grams ammonium nitrate, 
1 gram in .50 c c. of water) about tbirty or forty times, up.setting 
|)ulp each time). Dissolve this iireciiiitate of aluminum .away 
from the pulp with hot 1 : 1 IK'l, using about 30 e.c. of the acid. 
Pour the hot acid back and forth over the pulp, stirring same 
u|) well each timi' with a thin glass rod, then wash it about twenty- 
five times with 1 : 30 1I(,'I, and then free of chlorine test to silver 
nitrate with water alone. 

Save this filti'r pa|ier and pulp to burn with the AbOs-t-VaOj 
obtained in the manner to be described, as it may still contain 
a little aluminum undissolved. This solution and washings 
from the pulp will contain the aluminum, and also a little vanadium 
and phosphorus. Heat this solution and washings to nearly 
boiling, adding a slight excess of ammonia and boil until ammonia 
smell is very faint. Ten or twenty minutes’ boiling is sufficient, 
if but a slight excess of ammonia was addeil in the first place. 

The aluminum hydr<)xid<^ precipitate should now' be free of 
occluded .salts; mix it with paper pulp; filter; wash with ammonia 
nitrate water as before. Place the washed filter containing 
the A 1 (()FI )3 and i)ulp, after same has been well drained jn a 
platinum crucible; smoke off the pai)cr; adil to it the filter paper 
and [)uli) from which the, crude aluminum hydroxide was previously 
dissolved and w’hich as stated may contain a little aluminum. 
When the smoke is all gom^, raise the heat sufficiently to obtain 
a yellowish white residue. Al 203 -|-P 20 r,+a little V 205 -)-a little 
silica, the latter coming from the vessels used and from the filter 
ash. This residue is blasted mildly to constant weight, evap¬ 
orated with about 6 c.c. of HF plus 5 or 6 drops 1 : 1 of sulph¬ 
uric acid; evaporate to thick fumes. Drive off excess of SO3; 
ignite to bright red and weigh. This weight gives the Al203-f a 
little V 20 ,'i-t-P 20 , 5 . To correct for the V 2 O 5 fuse the residue of 
oxides with twenty times its weight of sodium carbonate in a 
platinum crucible. Dissolve the fusion out in water; clean the 



lUON. SILICON', SULPnUlI, MANCANICSK 


37 


crucible by heating in it a little dilute sulphuric acid. Add 
cleanings to the water e.xtraction of the fu.sion which ha.s tnean- 
‘ while been made acid with Ucduce the volume to about 

150 c.c.,«then dilute tlie volume to exactly 200 c.e.; mi,x well, 
m#a.sure out 100 c.c.; boil this |00 c.e. with an excess of 
KMn 04 and detennine the vanadium in the solution as in steel. 
Calculate to V 2 O 5 . 

The other 100 c.c. of AbOa+PAl.-.+ YjO.-, solution is pn'cipi- 
tated with a slight excess of ammonia; filtered; washed about 
twenty times with ammonium nitrate wash; dissolved ofl' with 
hot H(’l; washed with 1 : 10 Ilf'l; this lilt rate and washings are 
evaporated low; then converteil to nitric by evaiiorating to 
10 c.c. .after adding 75 c.c. of cone. IlNO.i; then limshed for 
phosphorus, as in high vanadium steid, using the ammoniacal 
water solution of ammonium molybdate. Calculate the milli¬ 
grams found to P 2 O 5 by multiplying by the factor 2.2880, 
deduct twice the milligram of V 20 '-, found as described plus twice 
the milligram of P 2 O 5 found from the total Al 20 :! + P 20 r, and 
V 2 ().'i and calculate the remainder to percentag(> of A1 by use 
of the factor 53.033 and dividing by weight taken. 

Ikon Determination Usino the IIydroxidk fko.m wnicii the 
Aluminum and Vanadium Have Peen J'Ixtiiacted by 
Peroxidation 

Get the sample in solution and remove all of the vanadium in 
the same manner as described for A1 in the tletenuination of the 
A1 in soluble ferro-vanadium, pages 34-35. The V passing out 
with the Al. It may take as many as three jieroxidations to 
remove all of the V. The, vanadium-free hydroxide of iron is 
then converted into suliihate, and passed through the reductor and 
titrated with standard KMn 04 as in iron ore. Sec jiagcs 305-3(i(). 

The'Determination of Al, Fe, Mn, Si, and V in Partially 
Soluble Ferro-vanadium 

Very high silicon and aluminum ferro-vanadiums are only 
partially soluble in nitric-hydrochloric mixtures. IIF must be 
used except when S, Si, and P are wanted; for these three 
elements a fusion is necessaiy. 

Silicon, Manganese, Sulphur, and Vanadium. —Fu.se 1 gram 
of .the finely ground alloy in a mixture of 10 grams of Na 2 (X),a 
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plus 5 gr.'uiiH of Na 202 in an iron crucihli^ in tho saino jvay as 
described for ferro-titaniinn (see patjes 47-18), tl)§ 

silicon, sulphur, and manganese exactly as described for the 
Si-Al-Ti-Fe alloy. Also alKpiot parts of the totid filtrate 
and washings from the silio m can be used for V by conyertiti)' 
aliquot parts to nitrates or sulphates; then boiling with a slight 
excess of pernianganale and finishing the V from this point on 
a.s in soluble ferro-vanadiuin. Run blanks including all chemicals 
and all operations, deducting the same. 

Iron, Aluminum, and Manganese.—Dissolve 1 grain of the 
finely ground alloy in IlF plus IRSOi jilus IINOs e.vactly as 
given for the Fe-Ti-Al-Si alloy (page 4!)), fuming to sulphates. 
Use aliquot parts of the liter solution for Al and F'o by per- 
o.xididng the same in the inaiiner as described for the vanadium 
alloy (see jiages 3,>-37). Corri'ct the Al for Vat).'-,, P 2 t).';, and 
SiOa in the manner given on page, 37 for Al in soluble ferro- 
vanadium. Run blanks and known mixtures covering all opera¬ 
tion i. 

Phosphorus.—Proceed by fusion as described on page 53 
for Ti-Al-Si-Fe alloy up to the point where the solution of the 
hydroxides is evaporated to 15 c.c. with 100 e.c. of cone. IINO3. 
Idlter out the vanadic acid that separates out here; wash it 
with cone, nitric acid and finish the analysis in tho manner given 
for ferro-vanadiiiin on jiages 41-15. 

Nickel and Copper in the High Silicon Ferro-vanadium.— 
DLssolve the alloy by the Ilk’ jilus 112804 plus IIN ().3 nudhod 
(sec pages 74-7.5), converting all to sulphates as described and 
finish by removing the Cu by II 2 S; evaporate the filtrate and 
washings to 100 e.c.; add a few crystals of potassium chlorate; 
evaporati' to fumes; take up in water, heating to dissolve all tho 
sulphates; and finish for Ni by the cyanide method as in steel. 
Also tho ferricyaiude method given on pages 205-212 can bo 
used to advantage when very small per cents of the elements 
are present. 

The Determination ok Ikon and Vanadium in the Same 
Operation iiy Reduction with H2S 

The writer has used the plan of dissolving tho ferro in sul¬ 
phuric and nitric acids, with a little hydrofluoric acid if necessar;i. 
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Evaiwration to fuiiips and solution in water are the next steps. 
'I’he v.anadium and iron are then rediiec'd with hydrojii'ii sulphide, 
the solution is filtered,* hydrogen suliihidi' is removed with 
CO 2 , an*l permanganate of potash standard is added until a 
pitd< is obtained or an old rose single, that does not fade per- 
eeptibfy after one minute's stirring. 2.!i c.e. of ferricyanide 
indicator are now ilropped m, and a ferrous ammonium sulphate 
standard, 1 c.e. of which eipials 1 c.e. of the iierm.anganate, 
is added until three drops of this standard cause the light blue 
of the vanadyl solution to darkim with the blue of the ferri¬ 
cyanide of iron. 'I'lu' number of c c. of permanganate used 
to iiroduce the old rose shade le.ss thi' number of c.c. of sulphate 
recpiired equals the mmib(‘r of c.c. of permanganate used to 
oxidize the iron, which numbm- multiiilied by (I.OOf).')!) gives 
the amount of iron in |)arts of a gram. The number of c.e. 
of sulphate used to i)roduce a darkened blue, multiplied by 
0.00508 (provided the sulphate exactly equals the perman¬ 
ganate), equals the number of grams or pai'ts of a gram of vana¬ 
dium iiresent. (d.lli grams KMnOt in one liter.) 

The iron residue from carbonate and niter fusions may 
be [iroceeded with for the estimation of the latter metal in this 
way: .After removing the platinum, copiier, etc., from the 
hydrochloric acid solution of the iron oxidi- by hydrogen sul¬ 
phide, evaporate the filtrate and washings from the sulphides 
with a small excp.ss of potassium chlorate. Remove the hydro¬ 
chloric acid by eva|)oration to thick fumes with (K) c.c. of 1 : 1 
sulphuric acid. Add water; dissolve by heating; reduce with 
metallic zinc; and titrate with standard permanganate for iron. 

Copper.—If copper is pri'sent to any appreciable extent, as 
shown by the clouding with the ferricyanide indicator, it can 
readily be sejiarated by hydrogen sulphidi', passing the latter 
gas through the sulphate solution obtained by dissolving the 
sam'plc in nitro-sulphuric acid, using a little hydroHuoric acid 
if much silicon be (iresent, evaporating to fumes of sulphuric 
acid and dissolving in boiling water to hasten solution. (Copper 
can also be easily and quickly sejiarated from this sulphate 

* Immediately after filtering imt the .siiliiliides, pass HiS, again, for thirty 
minutes to reduce any iron that may have become oxidized during the filtra¬ 
tion and washing of any metallic sulphides that may have formed. Then 
pass CO- to remove the excess of H28 as above. 
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solution by noatraliziug most of tlic free acid and precipitating 
the copper witli an exia^ss of jiotassium thiocyanate and sul¬ 
phurous acid.) (Also see, the author’s ferricyanide separation.) 
I'lic sulphide of copper is filtered, washed with hydrpgen sul¬ 
phide water, roasted free of pap(‘r in a porcelain crucible, dis¬ 
solved in 1.20 nitric .acid, aiuf filtered from any insoluble sulphides 
or alumina, d’ln! filtrate and washings are made slightly alkaline 
with sodium carbonate water; 1 (ce. of ammonia is added and 
the .sohilion titrated to disappearance of a blue with pota.s.sium 
cyanide standardized against 99.8 per cent metallic copper in 
the same manner. 

Molybdenum.—Molybdenum is si^paratcd c.xaetly as the 
co])per with hydrogem sulphide in slightly acid solution. The 
brown sulphide is roasted at a low heat in a porcelain crucible 
to a white or a bluish white residue (unless dark-colored oxides 
an' present); then finish the (hOermination exactly as described 
for molybdenum in steel (see i)!ige bad) by weighing the white 
to bluish while residue as crude MoOs. Dissolve this MoO.i 
in ammonia by warming it. Filter out the insoluble; wa.sh 
it with ammonia water that has been filtered free of any 
impurities. Igniti' the ammonia insoluble; weigh it; deduct its 
weight from the crude MoO^. If the ammonia solution is blue, 
then copper is pri'sent. The .ammonia solution must be nearly 
neutralized with nitric acid until it smells fainily but distinctly 
of ammonia. This blue solution can then be titrated with a 
standard K(IN solution slowly, and with constant stirring, to 
(he disappearance of the blue, as in steel. The copper so found 
is calculated to t'liO and'ileducted from the weight of the crude 
MoUa after first deducting the weight of the ammonia insoluble. 
The weight remaining after those two deductions equals the 
pure M 0 O 3 , which is reduced to metal by the use of the factor 
O.GfiGt). 

The molybdenum sulphide must be burned off at the lowest 
possible heat, just below redness until the volatile matter is 
gone. Then the heat is raised cautiously to faintest possible 
red and maintained at this heat until the residue of crude M0O3 
is free of carbon from the filter paper. This is a most satis¬ 
factory method for weighing molybdenum for all percentages, 
d'he writer has used it for years. 
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'I’he v.anadium and iron are then rediiec'd with hydrojii'ii sulphide, 
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be [iroceeded with for the estimation of the latter metal in this 
way: .After removing the platinum, copiier, etc., from the 
hydrochloric acid solution of the iron oxidi- by hydrogen sul¬ 
phide, evaporate the filtrate and washings from the sulphides 
with a small excp.ss of potassium chlorate. Remove the hydro¬ 
chloric acid by eva|)oration to thick fumes with (K) c.c. of 1 : 1 
sulphuric acid. Add water; dissolve by heating; reduce with 
metallic zinc; and titrate with standard permanganate for iron. 

Copper.—If copper is pri'sent to any appreciable extent, as 
shown by the clouding with the ferricyanide indicator, it can 
readily be sejiarated by hydrogen sulphidi', passing the latter 
gas through the sulphate solution obtained by dissolving the 
sam'plc in nitro-sulphuric acid, using a little hydroHuoric acid 
if much silicon be (iresent, evaporating to fumes of sulphuric 
acid and dissolving in boiling water to hasten solution. (Copper 
can also be easily and quickly sejiarated from this sulphate 

* Immediately after filtering imt the .siiliiliides, pass HiS, again, for thirty 
minutes to reduce any iron that may have become oxidized during the filtra¬ 
tion and washing of any metallic sulphides that may have formed. Then 
pass CO- to remove the excess of H28 as above. 
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PLico filter cuiiluiiiins Wiished proeipitato in 150 q.e. boakor; 
add enough standard NaOlI solution to cause the yellow color 
of the ])rccipitalo to disappear on macerating the |)apcr to a pulp 
with a rubber-tipped stirring-rod. Dilute to about 30 t;.e. with 
distilled water; add a drop of phenolphthalein solution,,which 
should cause a deep rial coloration, otherwise more standard 
NaOH solution is needed; then titrate back carefully with 
standard HNO 3 solution until the pink just disappears. Sub¬ 
tract total c.c. of acid used from total c.c. of alkali used. The 
difference in c.c.XO.Ol =precentage P. 

TABLE I -.SIIOWINC EFFEfn’ OF IN'CUtE.tSINIi AMOUNTS OF 
NITRIC' ACID (1.42 Sc. (in.) ON I'llOSl’IlORUS RECOVERY* 


Vanadium 

.\ddp<l, 

Per C’ciit 

HV(h 

Added, 

P l''()iiiid 

1 .Mice lINt'j 
A.ld.ul, 

I P Kmiml 

40 (• r IINO3 1 
\d.lcd. 1 

P Found 

fiOoc IlXOj 

1 Adilrd, 

P Found 



10 121 

! 0 121 ' 


None 

0.121 

\o 122 

0 120 

0 121 

0 20 

0 no 

0 12! 

0 121 


0 40 

0 111 

0 118 

0 121 


0 00 

0 111 

0 117 

0 120 


0 80 

0 110 

0 110 

0 121 


1 00 

0 110 

0 lUi 

0120 

0 119 

1 40 

0 no 1 

0 112 

0121 

0 122 

1.80 

010.5 

0 112 

0 no 

0 121 

2.20 

0 090 

0 111 

0 no 

0 120 

2.00 

0.093 

010s 

0 117 

0 117 


• This work was done with 1 03 g samples of U S llurcau of Standards, 0 120 P stand¬ 
ard, 106. 

RemarkK.—The tests with the higher vanadium content 
were more lardy in precipitating than the lower ones, though 
all settled well after forty minuti's’ standing. Those to which 
15 c.c. cone. HNO 3 were added gave deei>orange precipitates, 
darkening in color about in proportion to the vanadium content, 
clinging tightly to the stirring rods and beakers. The three 
highest vanadiums are lower in yield of phosphorus than the 
preceding ones because of the impossibility of detaching the 
adhering precipitate from the stirring rods. 

Those with 30 c.c, cone. HNO3 wore an improvement in 
speed of precipitation, color of precipitate, and cleaning from 
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beakcrs_ and rods. Those with 40 (•.<•. and 50 e.p. showed the 
best co.orod preciiiitates, i.e., nearest tlie nonnal yellow phos- 
phoaiolyhdate color and j^ave water-white washings, from which 
no recovefies of |)hosphonis were made. The 50 e.c. ones were a 
littfe prom])ter than the 40 e.c. though both sets were a va.st 
improvement over the 15 <'.c. and 30 e.c., and both cleaned very 
easily from beakers and rods and gave good re.snits. 

Th! precipitate from the 15 e.c. cone. HNOa in particailar 
seemed to be finely divided and passed through the pores of 
the fdter, necc'.ssitating ri'precipitation of the washings in all 
those of higher vanadmm content. 

The vanadium was add('d as nitrate from an acid solution 
made as follows: h'lise 4.5 grams (50.14 |)er cent V') with 
. 10 grams Na^CO;) in a platinum ermabh' for t.en to fift-een minutes, 
la't cool; i)lace in a 400 e.c. beaki'r; adil 10 e.c. water; then 
UNO;) (1.20 sp. gr.) until elTervescence ceases and 25 c.c. in 
excess. Hin.se off ciiuabh' thoroughly with distilled water; 
cool solution to room temperature; transfer to 50t) c.c. flask; 
dilute to the mark with water; sto|)per, and shake to mix thor¬ 
oughly. 1 c.c. =0.00.505 grams V. 1 pi'r cent V in 1.03 grams 
sample = 3.25 c.c. solution. 

The vanadium was added after the tests were weighed and 
before the 45 c.c. ilNOii (1.13 sp. gr.) were added. The vana¬ 
dium was, ill each instance, ri'diiced from yellow to green, duo 
to the action of the reducing gases liberated by the reaction 
between the acid and the steel. 3'he 10 to 6 t) c.c. cone, nitric 
added just bidore removing from the fire caused the yellow 
vanadic color to return. 

Solutions Required.— Nilric Arid for 75fratwf/.—Dilute 35.4 
c.c. HNthj (1.42 sp. gr.) to 4000 c.c. with distilled wafer. 

Stock Solution of Sodium IIydroxiilr. —Dissolve 1.50 grams 
NaOJI (c. p. slicks) and 1 gram Ba(OH )2 in 1000 c.c. water. 
Stir well and allow to stand twenty-four hours. Filter off the 
clear solution (or decant if preferable) and dilute with an equal 
volume of distilled water. Put into a 2-liter bottle and close 
with a rubber stopper. 

Sodium Hydroxide Solution for Titrating. —Dilute 566 c.c. 
stock solution to 8000 c.c. with distilled water. 

Ferrous Sulphate Solution. —Dissolve 55 grams steel (low in 
phosphorus and sulphur) in 1000 c.c. beaker in 700 c.c. H 2 SO 4 
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(1 : 3). Add a little water occasionally to prevent salting out, 
and heat gently, but do not boil. Filter, cool, and dilute to 
1000 c.c, 

Concenlraled /Va.ssium Permamjanate Solution. —Ddssolve 50 
grams KMn ()4 in 10 (K) c.ci water. 

Nitrale IFu.s/i..Dissolve 8 grains KNO:i in S0(X) c.c. water. 

Acid IFo-v/i.—Dilute 102.4 e.c. HNOs (1.42 sp. gr.) to 8000 c.c. 
with water. 

Fainlh/ Amrnnnincal IVnter Solution of Ammonium Molybdate. 
—Into each of four 800 c.c. cassi'rolos weigh ,55 grams amnio- 
niuni molybdate and .50 grams ammonium nitrate, and add 
40 c.c. ammonium hydro.xide (0.95 sp. gr.). Dilute each to 
700 e.c. with water. Heat for about thirty minutes, stirring 
once in a while until all salts are in solution. Combini' contents 
of the four beaUers by pouring into a largi' bottle; then dilute 
to 4000 c.c. with water. Let stand overnight. Miter the 
insoluble material through double 15 cm. pajicrs. Do not wash. 
The ch'ar solulion thus obtained should remain clear indefinitely. 
Do not filter out the insoluble material until the total mixture 
from the four cassi'roh's has stood overnight diluted to 4000 c.c. 

II. Method for Phosphorus in U. S. Standard Steels and 
Pig Irons to Which Have Been Added 28 Per Cent Vanadium 
and in Ferro-vanadium Containing 66.7 Per Cent Vanadium.— 
Procedure. —Weigh out 0.5 gram steel and 0.5 gram V 2 (),'i (56.14 
per cent V). 4'ransfer to 250 c.c. iiorcelain dish. Digest with a 
mixture of 30 c.c. IK’l ( 1.20 sp. gr.) and 30 c.c. HNO ,3 (1.42 .sp. gr.) 
for about one hour; then rinse off cover, add 100 e.c. HN(),i 
(1.42 sp. gr.), and taki' to dryness. Bake five minutes at 750° C. 
in an electric muffle furnace. 

Di.ssolve the oxides in 35 c.c. cone. HCl, evaporate to 10 c.c.; 
add 50 c.c. HNOa (1.42 sp. gr.), take to 10 c.c. volume, then 
add 10 c.c. more strong nitric and lieat a while with cover glass 
on. Filter through a platinum or porcelain Gooch crucible with a 
thin pad of aiad-waslied asbestos, using suction. Wash fifteen 
times, using the following wash: 200 c.c. HNOs (1.42 sp. gr.), 
100 c.c. water, and 20 grams Fe(N 0 , 3 ) 3 . (Ferric nitrate made 
by dissolving 5 grams low jihosphorus, melting bar steel in 50 c.c. 
HCl (1 : 1) and taking to syrupiness twice with 50 c.c. HNO 3 
(1.42 sp. gr.) each time.) 

Concentrate the filtrate from the separated V 2 O 6 to 10, c.c. 
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in 150 c.c. beaker and filter out the seennd crop of vanadium 
“rust” As before. A third concentration to 10 c.c. should show 
bO “rust” (V2()5). 

To the, third concentration add 40 c.c. UNO:) (1.42 sp. gr.), 
ancUbring to a boil; rinse covi'r and si^es with water and precipi¬ 
tate wirti 50 c.c. of the faintly aniiiioiiiaeal aiiiinoiiiuni molyb¬ 
date solution. Stir viftoroiisly for about two ininutes. bet 
stand one hour; filter and wash as described for steels con¬ 
taining up to 2.0 iier cent V. Titrate with alkali and acid in 
the usual nianner. 

TAlihi: II -RlvSt'LT.S OIITAINKI) I’SIXC TIII.S MIOTllOD ON 
f S ST.WD.VlilW 


.\a> 
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I’.T ('('l.t 

r.T Out p 
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1 
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2 
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.TOO 

0 .'•>31 

0 .Wl 

3 

10/) XAh 

:)(H) 

0 12t 
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4 

I0/)\V>5 

000 

0 11.') 

0 120 

5 

i No. 20 Sid VjOs 

.4(K) 

0 («3 ; 

0 031 

6 

No. 20 Std. V4). 

i 

000 ' 

0 0.33 i 

0 031 


Ill the above procedure an average of 0.007 per cent P was 
found in the added. 


TABLE III-IMIO.SBIIOROS IN I'KRR()-VANADIihl, .W 7 I’ER CENT 
\ A.NADIEM 
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Silicon.—For .silicon di.ssolvc 1 gram of the finely ground fcrro 
in .50 c.c. 1.20 nitric acid. Add 30 c.c. 1 ; 3 sulphuric dcid and 
evaporate to fumes. I)i.s.solv(' the sulphates in water, hcatiftg 
until all but silicic acid is in solution. Filter. IJ'ash with 
dilute hydrochloric, thei\ with water. Ignite and weigh as 
usual. If the sample contain.s much silicon and doe.s riot yield 
to the nitric acid, filter out the insoluble residue; wash it first 
with hydrochloric acid and then with water; roast off the paper 
in a platinum crucible. Fuse the residue with twenty times its 
weight of sodium carbonate plus J its weight of potassium nitrate. 
Di.ssolve the melt with water. Acidulate it with hy<lrochlorio 
acid and add the clear solution to the portion dissolved by the 
nitric acid, and evaporate all to fumes with 30 c.c. of 1 : 3 sul¬ 
phuric acid, and finish as in low silicon ferro-vanadium. 



CHAPTER III 

THE ANALYSIS OF FERRO-ALUMINUM - SaiCON - TITANHIM, OF 
NEARLY SOLUBLE FERRO-TITANIUM, AND TITANIUM STEEL 

Ferro-Aluminum-Silicon-Titaniuin.—Fuse 1 gniin of the finely 
frmiiiul metnl with a mixture of 10 (jrams of Na 202 |)1iik 5 
urams of Na 2 (' 0 :) in a covered iron crucible. Apply low heat 
until the sub.staneo is thoro^l,l^hly li(|iiid. l\('e|) molten about 
two or three mimites at a dull red heat, d'he best ditnension.s 
for the iron crucible are 2 '. inches top diauu'ter by inches 
bottom diameter by IJ inches lufth. Dissolve the fusion out in 
water; wa.shing .same into a dish or ea.s.serole. Acidulate the 
fu.sion with IKd; heat until all action is over, with the cover on 
the casserole. Removes cover; rinse under side of same off into 
dish; evaporate to dryness. Di.ssolve the dry residue in dish by 
vvarmiiif; it with about dO c.c. I : 1 IICl; then he;it further after 
adding ;d)out 75 c.c. of disidled water; cool; add paper pulp 
about .J inch to J inch ball; stir |)ulp in well; filter; wash free of 
iron test with 1 : 40 HCI, then with water until free of chlorine 
te.st to silver nitrate. * 

Smoke off the filter pa|)er, etc., until a.sh is white in a 20 c.c. 
to 25 c.c. platinum crucible. Apply the heat cautiously, finally 
rai.se it to low red; then blast slowly to constant weight, cool; 
add, a little at a time, to the crucible, 15 c.c. IIF; then 2 c.c. of 
cone. H 2 SO 4 ; evaporate to thick fumes; heat to a dull red and 
weigh.. The difference between this last weight and the weight 
after blasting to constant weight equals silica, which is calcu¬ 
lated to percentage of silicon by use of the ftictor 40.93. 

The residue in the crucible after IIF evaporation may contain 
some aluminum and titanium. It should be fused with twenty 
times its weight of Na 2 C 03 at a bright red heat for twenty or 
thirty minutes; dissolved out in water; the crucible is cleaned 
by. warming in it some 1 : 1 IICI; wash these cleanings of the 
crucible into a small beaker together with the water solution 
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of the fusion; add to this about 20 c.c. of 1 : 1 H,C1 ajid heat 
till all is in solution. 

Silicon.—Add this solution to the main filtrate from the 
silica; this main filtrate is now eva|)orated again tb dryness, 
if it is desired to got the hast traces of silica. This la^t silica 
should be treated exactly like the first main silica. The loss of 
weight obtained from the second small silica residue from this 
second evaporation plus the loss of weight obtained from the 
first main silica cciuals the total silica. This is cafculatcd to 
silicon by use of the factor 40.93. The final filtrate and wash¬ 
ings from the .second evaporation made to get out the last traces 
of silica combined with cleanings fi'om both evaporations with 
HF and H 2 SO 4 will contain the total phosphorus, sulphur, tita¬ 
nium, aluminum, and manganese, also copper or nickel if any 
are present in the alloy. 

Manganese.—Dilute the .solution containing the total Al, 
Ti, P, and Mn to 1 liter. Mix well; rinse a 100 c.c. burette 
several times with 5 c.c. portions of this solution; then fill the 
burette with it and measure off with this burette a 100 c.c. and a 
50 c.c. portion. It is very important that the liter Hask be cali¬ 
brated with the same burette. Make sure that the 100 c.c. 
burette delivered ten times with distilled water into the dry 
liter flask, fills it exact.ly to the mark at room temperature. If 
the burette does not agree with the liter mark, the flask should 
be marked at a point where it docs agree with the burette. 
Evaporate the two aliiiuot parts to thick fumes with 20 c.c. of 
1 : 3 sulphuric acid. Rcdissolve by heating with 10 c c. of water. 
Rinse out this solution into a manganese tube; add 15 c.c. of 
cone, nitric acid and dilute to 35 to 40 c.c. with water. Finish 
for manganese as in plain steel. If the manganese by this method 
is found to exceed the 3 per cent it will be better to run new 
50 to 100 c.c. portions. Remove the iron with zinc oxide and 
finish in the manner described for 10 to 15 per cent manganese 
steels. See pages 345-340. 

Sulphur.—Measure off with the same burette 500 c.c. of the 
liter solution: precipitate the titanium, iron, and aluminum in 
hot solution with a slight excess of ammonium. Filter and wash 
the hydroxides of titanium, aluminum, and iron thoroughly 
with water. Filtrate and washings contain total sulphur from 
J gram of sample; add 10 c.c. excess of cone. HCl to 400 c.c. 
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volume and precipitate the sulphur with BaChi. Fi?iish as in 
sulphur ‘in steel. The precipitate of aluiuiiuiiu, titanium, and 
irdn hydroxide can Ix' used for titanium and aluminum by sepa¬ 
rating the* titanium and iron from the aluminum by several 
l)eroKidation.s. . f 

Titanium and Aluminum.—The iron and titanium after being 
freed from aluminum by several peroxidations can be dissolved 
in HCI and evaporated to fumes with H 2 SO 1 , taken up again 
in water and H2S()4 by heating; and made lu'arly neutral with 
ammonia. The titanium is then inecipitated with sodium 
thiosulphat'e in the manner to lie described later. 

However, as these hydroxides contain much iron from the 
iron crucible in which the peroxide fusion was made, it is belter 
t» start with a 1-gram portion of the alloy in a covered |)latininn 
dish as follows: .\dd 10 c.c. UK cone, with covin' on, vvann in a 
good draught; remove from heat; add a few drops of cone, 
nitric; when action ceases, continue to add cone, nitric until 
a total of 5 c.c. of cone, nitric have been used. When action 
is over, remove lid; wash under surface of same olT into dish; 
add 10 c.c. of cone, sulphuric acid; eva|)orate to thick fumes; 
take up in 30 c.c. 1 : 1 ir 2 S()i; hi at until all is in clear solution, 
adding a little water if ncce.ssary to dissolve the suliihate of iron. 
Black or insoluble residue such as graphite docs not need to 
be recovered. 

Transfer to an 800 c.c. beaker, dilute to 350 c.c., add Na202 
until solution is alkaline, kecjiing covered as piuch as jawsible. 
Then add 5 grams of sodium peroxide and 5 grams of Na 2 Co 3 
in excess. Bring just to a boil; cool; filter; wash with sodium 
carbonate wash (5 grains to 500 c.c. water); wash about forty 
times, upsetting paper puli) and precipitate with each wa.shing. 

The alkaline filtrate and washings are titrated with 1 : 1 
HCI, until the solution is neutral to tunneric and still slightly 
alkaline to litmus paper. If much precipitate of aluminum 
separates out, the iron, titanium., etc., hydroxides on the filter 
must be redissolved in 30 c.c. hot 1 : 1 HCI, filtered; pulp washed 
(pulp and filter paper saved), reperoxidize the solution of the 
hydroxides as before. The alkaline filtrate and washings are 
neutralized as before; if only a slight cloud of AlfOHjs is obtained 
after several hours’ standing, then no further peroxidations are 
necessary. The Al(OH )3 precipitates from the various per- 
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oxidations and neutralizations are each washed about twenty- 
five times with anunoniuin nitrate (5 grains dissolved iil 500 c.c. 
water). These hydroxide.s of aluminum arc redissolved in hot 
1 : 1 HCl; filter and pulp thoroughly washed with w,ater. This 
pulp and filter paper are y'aveil to burn with the main Al, wfiieh 
is now precipitated from the above Al solutions of the crude 
A1(0H)3. This is done by adding a faint excess of ammonium 
to the Al solution. Boil a few minutes; cool; and filter, after 
adding pajicr pulp; wash free of chlorine in the manner described 
as before with ammonium nitrate. 

Smoke off the mixture (.f jiulp and AlfOH):; in a 25 c.c. to 
30-c.c. crucible together with the filter papers and pulps from 
which the crude Al(OII )3 was dissolved. 

When the residue is white, blast it to constant weight as 
AI 2 O 3 and a little Si() 2 . No phosphorus should be present in 
this, as the alloy was ilissolved in hydrofluoi'ic acid. Remove 
the small amount of silicon by cvaiiorating to thick fumes with 
6 c.c. 1 : 3 sulphuric acid plus (i c.c. of HK; drive off cautiously 
the excess of H-iSO-i; ignite to constant weight as pure AI 2 O 3 , 
which, multiplied by 53.033, gives ])ercentagc of Al when 1 gram 
is taken. 

The iron and titanium hydroxides left on the filter after the 
last peroxidation to remove Al are dissolved off as far as possible 
with hot 1 : 1 HCl, filter paper and jiulp are then washed thor¬ 
oughly with water: hold this filtrate and washings as the main 
iron and titaniuin .solution. 'I'lie paper and pulp together with 
each of the filter papers and pulps from which the iron and 
titanium hydroxides wore dissolved off before each previous 
peroxidation are smoked off together in a platinum crucible at 
a low red heat until all paper is removed. Weigh the ash. If 
it weighs more than a milligram, fuse it with twenty times its 
weight of Na 2 C 03 at a bright red heat for twenty to thirty 
minutes; dissolve out the melt in water by heating; filter'; wash 
with Na 2 C 03 water. Acidulate the filtrate and washings with HCl; 
boil off most of the CO 2 ; make slightly alkaline with ammonia; 
heat; if any v/hite hydroxide .separates out, calculate it to Al 
and add it to the main aluminum already found. The residue 
which was filtered out of the water solution of the sodium car¬ 
bonate fusion just mentioned, and then washed with sodium 
carbonate water, may contain some Fe and Ti. 
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To make sure of getting this Ti in solution, it is safest to burn 
the filter containing the small amount of Fe and Ti to an ash. 
' Again fuse the ash with twenty tinu's its weight of Na 2 C 03 for 
thirty minutes at a bright red heat. Dissolve the fusion out of 
thb crucible with hot water and traiirfer it to a beaker; make the 
solution of the fusion just acid with lU'l; evaporate it if necessary 
to 30 C.C.; add 20 c.c. cone. lU’l; boil slowly for twenty minntes 
to make sure the titamuin is all dissolved; filter out any in¬ 
soluble matter. If any insoluble matter bo found, it must be 
filtered out; washed; ignited and weighed; evaporated with 
3 c.c. I ; 3 IDNOi and (i c.c. HF; ignited and weighed again. 
Any loss of weight equals silica, from this silica deduct any 
similar silica found in the blank, calcnlate the remainder ns part 
of the silicon found in llii' sample. If any appreciable residue 
remains in the crucible after thi‘ above procedure, its weight 
less any similar wiaglit found in the blank must be calculated 
to Ti and added to the total Ti found in the .sample. 

The filtrate and washings from tlii' last mi'iitioned insoluble 
matter are added to the main iron and titanium solution. Now 
transfer this main .solution to a 51)0 c.c. flask. If its volume 
is greater than 500 c.c., evaiiorate it to about 350 c.c. and then 
make Ihe transfer; dilute to the mark and decant off exactly 
250 c.c. into a porcelain dish or a cas.serole. Add to the casserole 
also 10 c.c. of 1 : 1 II 2 SO 1 and evaporate to thick fumes. Redis¬ 
solve by heating with 20 c.c. 1 ; 1 sulphuric acid until all .sul¬ 
phate of iron and aluminum have been ilissolved and there 
remains only a clear or slightly cloudy solution. Neutralize most 
of the free acid with ammonia. Add 5 grams of sodium thio¬ 
sulphate for every 50 mg. of titanium supposed to be pre.scnt; 
boil gently for one-half hour; filter off titanium, using some paper 
pulp. Wash with sulphurous acid water (2 c.c. cone, sulphurous 
acid water in 500 c.c. of water) until free of iron test. The 
washed precijiitate and pulp are smoked off and ignited till white 
or slightly brownish white at a low red heat. To make sure of 
the absence of iron in this ash, it can be fused with 5 grams 
KHSO 4 as follows: Heat the crucible containing the Ti02 plus 
5 grams KHSO 4 very gradually at first, to prevent crawling and 
spattering, until all the water has gone from the flux with a 
white flame of a Bunsen burner, keeping below redness until white 
fumes of SO 3 begin to appear, then increa.se flame gradually until 
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low redness is reached on the lower half of the crucible; ^continue 
to heat at a low temperature until all is in a state of clear 
transparent fusion; and SO 3 is coming off rather briskly; cool; 
run the melt on up the sides of the crucible. 

Place the crucible in a 250 c.c. casserole with 50 c.c. water 
plus 50 c.c. 1 : 3 H 2 SO 4 ; dissolve with heat; do not filter; heat 
until all sulphate is dissolved; and there remains only a little 
white floating insoluble matter. Transfer to a beaker; dilute 
to 300 C.C.; nearly neutralize with 1 : 3 ammonium, and while 
still acid add 5 grams of sodium thiosulphate for every 50 mg. 
of Ti 02 supposed to be irresent. Boil twenty to thirty minutes; 
filter; wash free of sulphate test to barium chloride; and then 
thirty times more. Smoke off filter paper and pulp until all 
char is gone; ignite at a red heat to constant weight; evaporate 
with 5 c.c. cone. HF plus 6 c.c. 1 : 3 H 2 SO 4 ; be sure there is 
an excess of sulphuric acid, otherwise titanium fluoride will sub¬ 
lime and be lost. If the under side of the crucible lid is covered 
with a white coating, then some titanium has been lost as fluoride, 
due to insufficient H 2 SO 4 . However, avoid a great excess of 
sulphuric acid, as it is difficult to remove, and ignite finally to 
dull red and weigh as pure titanium oxide, free of all aluminum, 
silica, and iron; multiply this weight by 60.04 and divide by 
weight taken, that is, 0.50 gram, the original gram having been 
divided into equal portions of 250 c.c. All Zr is with the Ti. 

The other 250 c.c. portion of the hydrochloric solution in 
the 500 c.c. flask is analyzed for iron by reducing this heated 
solution with a slight excess of stannous chloride, titrating with 
standard dichromate as in iron ore (see pages 442-443). 

This iron solution cannot be converted to sulphate solution 
and passed through the zinc reductor for the reason that part 
of the titanium in solution would be reduced by the zinc and 
would be counted as iron. Titanium in solution does not inter¬ 
fere when the iron is determined by stannous chloride and potas¬ 
sium dichromate. 

Blank for S, P, Mn, and Sf.—Blanks for method used on 
insoluble ferro-titanium should be run by fusing a standard 
pig iron or finely divided steel drillings of known content together 
with enough pure titanic oxide to about imitate the sample. 
This blank will be best for the phosphorus, sulphur, silicon, and 
manganese, allowing of course for the Mn, P, S, and Si, in the 
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standard pig iron. The U. S. Bureau of Standards gives the 
titaniurii content of the pig iron standard that it furnislies. Any 
excess of P, Ti, S, Si, or Mn, over or above that given for the 
standard jpig iron is deducted as a blank correction for reagents 
from the results obtained on the saniflo being analyzed. 

Aluminum and Iron Blank for Incoluble Fcrro-tilanium.— 
Place in a platintun dish 0.4 gram of U. S. Bureau of Standards 
Sibley ore together with about as much pure titanic oxide as 
there is titanium in the sample. Evaporate this mixture with 
HF and a little nitric acid and then fume with H 2 SO 4 ; for A1 
dissolve weighed amounts of metallic A1 powder in a little HCl 
and add the solution to the sulphuric acid solution of the Sibley 
ore just before peroxidizing to remove A1 from the Ti and Fc, 
and finish in the same way as in the method described for the 
sample. Any iron or aluminum found in excess of that added 
to the standard is deducted from the iron and A1 found in the 
sample. 

Phosphorus.—Fuse 1 gram of sample in an iron crucible in the 
same manner as described for silica, sulphur, and titanium. 
Dissolve out fusion; acidulate with hydrochloric acid as de¬ 
scribed for sulphur and silica. Evaporate to dryness to remove 
bulk of silica; take up as described in IICI acid. Filter out 
silica, wash free of all iron, test with 1 ; 1 IICI, ignite to weigh. 
This silica should bo then evaporated with II2SO4 and IIP’; 
ignite the residue, after evaporation to remove excess of H 2 S 04 . 
Fuse with twenty times its weight of sodiu^n carbonate. The 
fusion is dissolved out in water; acidulated wdth HCl; heated 
to clear solution and added to the main filtrate from the silica. 
Precipitate the total solution with ammonia to remove sodium 
salts; wash the hydroxide precipitate about ten times with 
water; dissolve the precipitate with about 30 c.c. 1 : 1 HCl. 
Wash paper pulp until free of iron test, evaporate filtrate and 
washings in porcelain dish; then add 100 c.c. of cone, nitric 
acid, evaporate to 15 c.c.; filter out any titanic oxide that sepa¬ 
rates out and wash it twenty times with 1.20 sp. gr. nitric acid; 
volume should not bo over 25 c.c.; evaporate to 20 c.c. if neces¬ 
sary in phosphorus beaker (125 c.c. beaker); add 20 c.c. cone, 
nitric acid; bring just to a boil; remove from flame; rinse down 
sides of beaker with fine jet of water. Volume should now be 
about 50 c.c. Add to the hot nearly boiling solution 50 c.c. 
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of the slij^htly .aminoiiiiiciil water solution of ammonium molyb¬ 
date, stir w'cll and filter out the ammonium phosphorus molybdate 
as soon as settled, and finish the phosphorus as in steel. Cal¬ 
culate the percentage to a 1-gram basis. 

The titanic acid that is^ filtered out may carry with it a little 
of the phosphoru.s. Ignite it at a low red heat in a platinum 
crucible until paper is gone. Fuse the ash with twenty times 
its weight of Na^COs at a bright rod heat for thirty minutes; 
dissolve the fusion out in water; filter o>it the insoluble titanic 
acid; wash it with sodium carbonate water; aciilulate the 
filtrate and washings with IICl; heat until CO 2 is nearly all 
removed; add enough ferric chloride solution to give a rod pre¬ 
cipitate with ammonia. Heat; filter off the red precipitate; 
wash it a few times with water. Dissolve the precipitate off 
with hot 1 . 13 sp. gr. nil t ie ticid; wash free of iron with dilute 
nit ric wash. I'lvaporate fill rate tind washings to 10 c.c.; precipitate 
the phosphorus iis in steel with ammonium molybdate solution, 
and add to the main phosphorus percentage. 

Put finely divided standard pig iron through all of the above 
methods, and any phosphorus found above its true percentage 
is deducted from that obtained from the ferro-titanium, the 
remainder being the true phos[)horus in the ferro-titanium. 

Second Method for Manganese in Fe, Ti, Si, AI Alloy.— 
As the so-called iron crucibles sometimes cont.ain considerable 
manganese there is some! advantage in running the manganf'se 
by ttiking ti separate portion and getting it into solution exactly 
as for the iron with HF and a little cone, nitric. Then evaporate 
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pickling the outer surface Ui HNOi (1.20). • 
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to fumes witli H 2 SO 4 . In lliis way variations due to high blanks 
are avoided, or wlien the sample is dissolved in this manner for 
Al, d'i and Fe, the total sulphate solution ean be diluted to 
KXK) e.e «di(iuot parts taken for Mn The balanee of the solution 
caTi be measured off for Fe, Al, and t'l as already dese.ribed. 

The erueible showing high manganese and high copper is 
the most resistant to alkaline fusions. The iimv thin wall erueible 
shows a total of 0.28,5 per cent ('11 when the siirfaee of the erueible 
is not pickled thoroughly with IINO.i (1.20). The copper shows 
plainly on the lower third of the outer wall of tin' erueible in a 
coating. The older make shows no eop|)er on surface, and the 
0.01.') is its total cojiin'r. 

Nearly Soluble Ferro-titanium. Tin' finely ground .sample i.s 
gotten into solution as far as possible with lloSO), the unsoluble 
re.sidiie is filtered out, washed, ashed and fused with 5 grams 
of sodium carbonate plus 20 mg. of potassium nitrate in a ])lati- 
num erueible in a bright red heat until it is molten, then keep 
at a bright red heat for twenty to thirty minutes; fusion is 
dissolved out in water; the erueible is <-leaned by warming in 
it a little 1 : I H('l; the solution and eleanings are added to the 
first main filtrate, this filtrate is then liiiished for silicon, iron, 
aliiminuin, titanmm, and inangaiu'se by the same method that 
was used where the insoluble alloy was fused 111 an iron erueible 
with a mixture of sodium peroxide and sodium carbonate. 

As the fusion is not made in the iron erueible, the solution can 
be used for iron also, but not for sulphur or phosphorus. The 
sulphur and phosphorus must bo obtained by peroxide and 
sodium carbonate fusion of a separate portion a.s described for 
insoluble ferro-titanium. 

Iron Blank.- -Vuae at a bright red for thirty minutes enough 
U. S. Bureau of Standard Sibley iron ore and titanic oxide (pre¬ 
pared as directed) with 5 grains NaaCO;! plus 2t) milligrams KNO3; 
fuse about as much TiOj and iron ore as tbe sample contains. 

Dissolve fusion out in water, clean crucible with a little HCl; 
add the cleanings to the water solution of the fusion; add to 
this the .same amount of II 2 SO 4 as is used to dissolve the finely 
ground sample; add also as much Al dissolved in a little HCl 
as is likely to be in the sample. Peroxidize to remove Al as 
many times as the sample is peroxidized. The hydroxides loft 
bn the filter after the lust peroxidations together with each 
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of the filter papers and pulps from which the iron and titanium 
hydroxide were dissolved off before each peroxidation, are 
smoked off together in a platinum crucible at a low red heat 
until all paper is removed. 

Cool the ash, which ibnsists of titanium and iron, fret! of 
aluminum. Shake this out into a small beaker. Clean out 
the crucible with a little 1 : 1 HCl, using heat, wash this cleaning 
into the same beaker; remove any adhering particles. Add 
to the ash in the beaker 20 c.c. cone. HCl and heat until all is 
dissolved except a white floating residue, if any. If this white 
floating residue amounts to more than a milligram on being 
burned in a platinum crucible and weighed, then fuse it with 
twenty times its weight of Na 2 C 03 at a bright red heat for twenty 
to thirty minutes; dissolve out the melt; get in clear solution 
in a small beaker, by heating it with 1 ; 1 HCl; then add the 
clear solution to the filtrate and washings from the white floating 
residue; now transfer this filtrate and washings to a 500 c.c. 
volumetric flask, dilute to the mark; mix well and decant off 
exactly 250 c.c. Analyze for iron by reducing this heated 
solution with a slight excess of stannous chloride, titrating with 
standard dichromate as in iron ores (see pages 442^43). 

Sulphur by Evolution at 900° C. to 960° C. —Sulphur on 
soluble and insoluble ferro-titanium can be gotten by evolution 
in a stream of hydrogen, carrying HCl, at 900° C. to 950° C. 
in a tapered combustion tube. Weigh out 0.5 gram of the finely 
powdered alloy into a porcelain or clay combustion boat and 
proceed as described on pages 122-129. 

Result by Fusion Evolution in Hot Tube 

.15 per cent S .15 per cent S 

Preparation of 99.5 per cent Ti02. 

Grind black Norwegian rutile to the finest flour in an 
agate mortar. Fuse 1 gram of this powder with 20 grams 
KHSO4 in the following way: heat very cautiously below 
redness until the absorbed water is all gone from the KHSO4; 
then raise the heat very slowly until the crucible is a dull red 
on the bottom. Continue to heat at a low red until all is in a 
state of quiet fusion and so clear that one can see nothing but 
a few white particles of silica floating in the otherwise clear melt. 
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Run the fusion well up the sides of the crucible. Place crucible 
and all in abbut 50 c.c. of 1 : 3 H 2 S ()4 in a porcelain dish and 
heat until all is dissolved except a few white floating flakes of 
silica. Co^; remove crucible; filter; and wash with dilute 
sulphuric (1 : 40) about fifty times. ^ 

The filtrate and washings are nearly netitralized with ammonia, 
but while still distinctly acid, dilute to 800 c.c. with water and 
boil. Titanium acid will separate out and settle to the bottom. 
Pour off the supernatant liquid and wash several times by decan¬ 
tation; then add a ball of ashlc.s.s filter paper pulp; stir this 
well with the titanic acid; filter, and wash free of sulphate to 
BaCb test. Ignite and weigh. Residue should be at least 
99.5 per cent pure titanic oxide. 

Method of Making Sodium Carbonate—Sodium Peroxide 
Fusions.—Sodium pr-roxide and siKlium carlmnate mixture 
fusions, in general, are made as follows: Mix the carbonate and 
peroxide together in a clean iron crucible, using a stout Ni-chrome 
wire for a stirrer. 

Pour about half of this mixture into another iron crucible in 
which the fusion is to be made. Place on top of this the powderc'd, 
weighed sample. Mix all with the stirring rod and cover the 
mixttire with the other half of the fusion mixture; then heat 
gently until all is in quiet fusion, which .should take about one 
or two minutes. While in the molten condition, take the crucible 
in the tongs, keeping it in the flame all the while, and give it a 
slight swirling motion for two or three minutes more; and no 
longer. Cool; place the crucible on its side in a covered casserole 
or porcelain dish. 

Add water and heat until the melt is dissolved. Remove 
the crucible; rinse its walls off thoroughly; rub out any adhering 
particles from its inner walls. Rinse all into the dish. The 
contents of the latter arc then ready for the acidulation and 
evapobation to remove silica. 

Nickel, Chromium, and Vanadium in Ferro-titanium. —Get 
the sample into complete .solution by the method given for 
ferro-aluminum-titanium-silicon, proceeding exactly as described 
to the point where the silicon has been removed; evaporated 
with HF, etc., and the residue from the HF plus a few drops 
of H 2 SO 4 has been fused; dissolved; and added to main filtrate 
from the silica. This solution will now contain all of the Ni, 
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Cr, and V. It can be then converted to sulphate.s Ijy taking it 
to slight fume of SOa by evaporating it with 50 c.c. of 1-: 3 H 2 SO 4 . 
Add 100 c.c. of water and 10 c.c. more of the sulplmric acid; 
heat until all sulphates are in solution; repeat the evaporation 
to insure the entire reitiov^l of the IICI. He careful each ti|ne 
to take only to the slightest fume as chromium is very insoluble 
if fumed strongly. 

Finish for V, Cr, and Ni as in steel. 

Iron in Soluble Ferro-titanium—By Reduction with Hydrogen 
Sulphide.—Dissolve 0.5 gram of sample in 1 : 3 sulphuric acid. 
If there bo any insoluble residue that is not white, filter the same 
out anti wash it witli dilute siilphuric acid. Roast it. Fuse it 
with potassium bisulphate. Dissolve the melt in dilute sul¬ 
phuric a(hd and add it to the filtrate and washings from the 
insoluble residue. Dilute the slightly acid filtrate and washings 
to 200 c.c. Pass hydrogen sulphide through the same until the 
iron is entirely reduced. It will be colorless when hot. The 
reduction will take about an hour, with the gas passing at a rather 
rapid rate. Filter the solution into an 800 c.c, boiling flask. 
Wash the filter with 1 ; 10 sulphuric acid until free of iron test. 
Pass hydrogen sulphide through this filtrate for one hour more. 
(Saturate the acid wash with II 2 S before using.) 

Now pass a stream of carbon dioxide through the solution, 
keeping it at boiling temperature during the time that the CO 2 
is passing. When a piece of filter paper, moistened with a 
water solution of lead acetate, is no longer discolored, even 
slightly, when held in the neck of the flask, the excess of hydrogen 
sulphide is all driven out. Place the flask in cold water with 
the stream of carbon dioxide still passing through it. The glass 
tube that carries the II 2 S and CO 2 into the fluid should, of 
course, reach nearly to the bottom of the boiling flask. When 
the contents of the flask are cold, titrate with standard perman¬ 
ganate of pota.sh until one or two drops yield a pink color that 
is permanent for several minutes. The same standard that 
is used for titrating iron in ferro-vanadium can be utilized in 
this determination. One c.c. of the standard equals 0.00556 
gram of metallic iron (3.16 gram KMn 04 in one liter.) 

The residue on this filter will contain all of the copper present which 
can be roasted and finished as in steels for Cu. 
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Manganese in Ferro-titanium Soluble in Sulphuric Acid.— 
Dis-solvt' O.fOO gnun in 10 c.c. 1 : li siil|)lniric acid. .Xdd 
10 c.c. concentrated nitric acid. Hoil olT red fuine.'i. Dilute 
to 35 c.c.,witli water and liiiisli as in steels. 'I'liis applies to 
maitpanesc not in excess of 1 per cent^ I'sc (1.05 gram for inaii- 
ganesc (•oiitcnt exceeding 1 per cent. Accurate, to 2 per cent 
Mil. For higher percentages of manganese dissolve 1 gram 
of sample in 30 c.c. 1 ; 3 sulphuric acid.* Oxidize by boiling 
with 10 c.c. cone, nitric acid and I gram of |)otassiiim chlorate. 
Add 60 c.c. 1 : 3 sulphuric acid and evajiorate to thick fiiiiies. 
Cool, add water and heat until all is dis.solved except perhaps 
some of the titanic oxide and silicic acid. Be sure that all iron 
and manganese sulphates arc in solution. Wash the cold solu¬ 
tion into a liter llask. Fill the llask one-half full with distilled 
water. Add a rather thick paste of mangane.se-frec zinc oxide 
and distilled water, (\intmue the aildition of the zinc oxide 
until the iron and titanium settle out well, avoiding any unneces¬ 
sary exce.ss of the zinc- oxide. Cool, if necessaiy, to the tem¬ 
perature of the room, and dilute the contents to the liter mark 
with di.stilled water. Mix ten times, inverting the stoppered 
flask each time. 

Pennit the precipitate to settle for a half-hour with the flask 
in an inclined position. Pour the suiiernatant fluid through a 
large, dry filter into a dry beaker. Use two filters to hiusten 
matters. Rinse a 100 c.c. pipette three times with portions of 
the filtrate. Then draw out a 300 c.c. portion and a 400 c.c. 
portion. Place these in separate boiling flasks, labeling them 
300/1000 and 4(K)/1000, respectively. Add 2 drops of 1.20 
nitric acid to each of these alicpiot parts. Heat the 300 c.c. to 
boiling, and titrate with standard permanganate of potassium, 
adding a little at a time. Shake thoroughly with each addition 
of the permanganate solution, reheating the solution between 
times: When 3 drops finally produce a slight but distinct pink 
color in the hot supernatant fluid, after a reheating and thorough 
shaking, the end-point is reached. Deduct 0.2 c.c. from the 
total permanganate used. Multiply its value per c.c. in milli- 

* One can also finish from thi.s stage on as directed on page 345 by the 
author's method for manganese above 2 per cent. 
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grams of iron by 0.2951 to find its value in milligrams of man¬ 
ganese.' 

Titrate the 400 c.e. part in like manner and average the two 
results, calculating them as 3/10 and 4/10 of a gram, respec¬ 
tively. (See also Mn in Insyluble F’erro-titanium.) 

SiandardizoMon of the PermanganeUe Solution for Iron and 
Manganese .—Weigh 3.16 grams of c.p. potassium permanganate 
crystals into a liter flask. Dissolve in distilled water and dilute 
to liter mark. 

Weigh 0.2850 gram of c.p. recrystallized oxalic acid into a 
200 c.c. beaker. Dissolve the crystals in 100 c.c. of hot water. 
.4dd 30 c.c. 1: 3 sulphuric acid and titrate this hot solution with 
the permanganate solution. This latter should not be stand¬ 
ardized for, at least, twelve hours after it has been dissolved 
and made up to 1 liter. 

This amount of oxalic acid will require usually 45.50 c.c. of 
permanganate of the above strength to render it a faint pink 
that is permanent for several minutes. As the oxalic value 
of a permanganate solution multiplied by 8/9 gives its iron 
value therefore the latter is found by this calculation: 0.2850^ 
45.50X8/9 = 0.005567, or 1 c.c. of the permanganate equals 
0.005567 gram of metallic iron. This value multiplied by 0.2951 
yields the value of the same solution in grams of manganese, or 
0.005567 X 0.2951=0.001642 gram of manganese. For check 
0.280 gram oxalic acid took 44.8 c.c. KMn 04 , or 0.280-;-44.8 X 
8/9=0.005555 and, 0.005555 X 0.2951 = 0.001639, or 1 c.c.= 
0.001636 gram of manganese. Average iron value equals 0.00556 
gram and average manganese value equals 0.001640 gram per 
c.c. Compare the theoretical factor for manganese with that 
found by standardizing the permanganate standard by putting 
a ferro-manganese, containing a known per cent of manganese, 
through the identical process of precipitation with zinc oxide, 
etc. 

Silicon in Soluble Ferro-titanium.—Dissolve 1 or 2 grams 
of drillings as in steels. Evaporate to fumes of sulphuric acid. 
Dissolve in water. Filter, wash, ignite, weigh, evaporate with 

The following reaction show how Volhard’s method proceeds: 

3MnS0.4-2Khln0.-f-2Zn0-K,S0,-|-5Mn0,+2ZnS0,. 
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a few drops of cone, sulphuric acid, and the usual amount of 
hydrofluoric acid. Ignite and calculate the lo.ss of weight as 
"silicon. Should a white coating appear on the lid of the crucible 
when th(f sulphuric acid is being driven off, it means that there 
haS not been a sufficient amount of Sulphuric acid added, some 
of the titanium having volatilized as fluoride. 

In such event, repeat the analysis, using a little more sul¬ 
phuric acid with the hydrofluoric acid. 

Carbon in Soluble Ferro-titanium.—Some ferro-titaniums of 
low silicon content can be completely decarbonized at 9,50“ C. 
in a fused silica or tapered zirconia tube with oxygen. See 
Electric Combustion Furnace, page 270. It is safer to burn the 
sample in red lead. Burn 1 or 2 grams of thin drillings or 
30-mesh powder with 2 grams of red lead. 

Insoluble Ferro-titanium.—Carbon, sulphur, and phosphorus 
are determined as given in the analysis of soluble ferro-titanium. 

Silicon and Titanium.—These elements can also lie deter¬ 
mined by fusion of 0.5 gram of the finely ground substance 
with 15 grams of acid potassium .sulphate in a 40 c.c. platinum 
crucible. This fusion is highly satisfactory if conducted with a 
little experience. Heat the crucible vi'ry gradually at first, 
using the white flame of an argand burner. Keep the melt below 
redness until all of the water has been driven out of the flux 
without sputtering. When slight fumi's of sulphuric anhydride 
begin to make their appi^arance the heat can be increased 
to low redness. Maintain this temperature »until the substance 
is in a state of clear fusion, and is a pure yellow, free of all black 
specks. 

If the argand burner flame is properly adjusted, this opera¬ 
tion can be going on with only occasional attention. When all 
black is gone, raise the heat until fumes of sulphuric anhydride 
come off briskly when the lid is lifted slightly. 

Then turn off the heat and run the melt well up the sides. 
Place the crucible in a 250 c.c. casserole with 50 c.c. of water 
plus 50 c.c. of 1 : 3 sulphuric acid. Dissolve with heat. Filter 
out the white insoluble residue; wash it free of iron and sul¬ 
phate, using barium chloride solution for the latter test and 
KCNS for the former. Ignite it in a weighed crucible. Weigh 
as SiOa plus a little TiOz- Evaporate with HF and a few drops 
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of H 2 SO .1 and calculate tlio loss of weight to silicon. Keep the 
non-volatik^ portion to .add to tfi(‘ main portion of 'l’i 02 . 

The filtrat(i and washings from tin; silica ar(! made nearly 
neutral with ammonia and ])r('cipitated with thiosfilphate of 
soda, and linishcd a.s in siShhlc f(>rro-titanium for Ti. 

Iron by Fusion with KHSO 4 .— Fuse 0..5 gram as for silicon. 
Retluce with H 2 S and hnish as given under the .soluble fcrio. 

Aluminum.-- Proceed by fusion as given under aluminum 
in soluble ferro-titanium. 

Manganese in Insoluble Ferro-titanium.—If the percentage 
of manganese is under 2 ])er cent, fuse 0.100 or 0.0.5 gram with 
twenty times this weight of sodium carbonate ami one-fifth 
that amount of potassium nitrate. Di.ssolvc the melt in a sm dl 
IKircehiin dish with as little waiter as possible. Clean the plat¬ 
inum crucible with a little hydrochloric acid; acidulate the 
water .solution of the melt with the same .acid. Add to thi.s 
solution the cleanings of the crucible and also 10 c.c. of 1 : 1 
sulphuric acid. Evaporate to thick fumes. l)is.solve the residue 
in water. When the iron su!])hate is dissolved, wash the solution 
into a 10 by 1 inch test tube and dilute to 20 c.c. Add 10 c.c. of 
cone, nitric acid and fini.sh .as in steels. 

For higher percentages of manganese proceed as given for 
high manganese in soluble ferro-titanium except that the sub¬ 
stance is gotten into solution by a bi.suliihate fusion as given 
under the determination of .silicon in in.sohible ferro-titanium. 
Transfer the sulphuric acid solution of the melt to a liter flask 
and precipitate the iron and titanium with zinc oxide. Use 
1 gram of sample and fuse it with .30 grams of bisulphate. 

Titanium Steels.—h’or phosphorus, manganese, silicon, alu¬ 
minum and carixm proceed as in plain steels if the titanium is 
present to the extent of a few tenths of a per cent. 

Sulphur.—Even a few tenths of a per cent of titanium lead 
to low sulphur results by the evolution process. For example, 
where results showing 0.(X)6 per cent by evolution were obtained, 
0.012 sulphur was gotten by the ordinary gravimetric sulphur 
method for steels. Again, 0.075 per cent sulphur was gotten 
by evolution in a titanium experimental ingot when the gravi¬ 
metric result was 0.11 per cent. U.se either the gravimetric 
process by direct solution, or fuse 2 grams of sample with 20 grams 
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of sodium carboiiato jilus 4 (ji'ams of nitor, and piocrod as in 
sulphur in iiigh silicon fcrro-vanadiuni, fillcnng out. the sodium 
titanato bofoic acidulating with IK'l. Or use the author’s melliod 
by evoluti(«n at ()50“ ('. in a tapered tube (see pages 122 124). 

'Mtanium in Stael. (i'mn»uVr/c.—'Mie titanium is deterniined 
gravimefrieally as iii nearly .soluble ferro-titaniiim except that 4 or 
5 grains of sample .should be used. 

Volumetric .—So far tin' most practical way is the well-known 
color method, using hydrogen peroxide. 'I’lie author proceeds 
as follows: 

Determine gravinietrically the ainoiint of titanium in a .solu¬ 
ble ferro-titaniiim contaiiii’g from about S to It) per cent of 
titaniiiin, for u.se as a color standard. 

Plain Titanium Steel.-- Colur McIIkuI. If the titanium con¬ 
tent is 0.05 |)er cent or over, weigh 0.500 gram of drillings into 
a 10 by 1 inch tube. Also weigh 0..5t)0 gram of a plain carbi ri 
ste(4 that contains no titanium by the qiiahlative test. Add 
to the latter enough of the standard ferro-titaiiiiim to bring 
the amount of titanium jiresent in this standard mixture to 
within aliout 0.0.5 per cent of the titanium content of the test. 
If the test IS likely to be about 0,1.5 per cent Ti, then the, 
standard should cither be about 0.10 per cent Ti or 0.20 per 
cent Ti. The nearer the standard is to the test, in titanium 
content, the better. 

Dissolve the drillings in 10 c.c. of dilute siilpliuric acid. 
Add 5 c.c. of cone, nitric acid; boll off red ^inies. The black 
in.soluble matter or any insoluble matter at this stage must 1mi 
filtered out; wa.slicd with 1 ; 3t) nitric acid; ignited free of 
char in a platinum crucible; fused with twenty times its weight 
of Na 2 C 03 plus the equal of its weight of niter; the melt dis¬ 
solved out w'ith water; acidulated with HC.'l; evaporated to 
fumes with 4 c.c. of 1 : 1 IDSOi; taken up with a few c.c. of 
water'and HsSO.i; heated until all sulphates arc dissolved. 
This solution is then added to the main original nitric filtrate of 
the sample. 

Transfer this solution, wdiicli should bn clear, to a glass- 
stoppered eompari.son tube of about 15 to Hi mm. outside diam¬ 
eter and with the graduated part about 38 cm. long. Add to 
the solution in the comparison tube 5 or 6 c.c. of the peroxide 
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mixture used in the qualitative Ti and V tests, page 4. Stopper 
the tube and mix the contents thoroughly. Transfer the test 
to the other comparison tube and treat it in like manner. If' 
there is a great difference in color between standard tand test, 
results will only be rough^ approximate and the work shcAild 
be repeated, preparing a new mixture of standard ferro-titanium 
and plain carbon steel, to imitate the test within the 0.05 limit 
or closer. I 

The following actual case will illustrate calculations, etc.: 

The standard mixture consisted of 8 mg. of 8 per cent Ti 
ferro plus 500 mg. of a plain carbon steel of approximately the 
same carbon content as the sample to be tested. 

The test matched the standard at 38.3 c.c. with the standard 
diluted to 35 c.c. Since the standard contained 8 mg. of 8 per 
cent ferro-titanium, its color was due to the pre.sence of 0.008X 
0.08, or 0.00064 gram, of metallic titanium; therefore we have 
the proportion: 

Stand Vol. Tost Vol 

35 c.c. : 38.3 : : 0.00064 : X, 

or 38.3X0.00064-^35 = 0.0007, or 0.0007 gram of titanium found. 
0.0007X100-^0,5 = 0.14, or 0.14 per cent titanium when 0.5 
gram is taken for analysis. The gravimetric result on this 
-sample was 0.158. Another sample gave 0.134 per cent by 
color and 0.140 pee cent by gravimetric analysis. 

For percentages as low as 0.05 per cent and under, use a 
gram of sample and proceed accordingly, preparing standard 
mixtures of similar percentage. If the titanium steel also con¬ 
tains not over 0.5 per cent of elements that color acid solution, 
such as chromium and nickel, the amounts of the latter present 
in the test should be determined by the rapid methods given 
under chromium and nickel in steel. Add to the standard 
enough shot nickel if titanium nickel steel is being tested, or 
enough potassium dichromate reduced with the least possible 
excess of sulphurous acid if the test be chrome-titanium steel, 
to exactly imitate the sample under examination, and then 
proceed as usual. 

Qualitative Test for Titanium. —Proceed as given under 
Qualitative Test for Vanadium, page 4, 
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ANALYSES 


insoluble Fcrro-titaniuiu 


• 

I'er Ct’nt 

Titanium) 

Oxide ■ > 

87 80 

Silica, SiOj 

0 8.') 

Iron Oxide, FcjOj 

4 04 

Sulphur 

0 .02 

Carbon 

1 8« 

Phosphorufi 

0 ()->:, 


{Soluble Fcrro-titaiuuui 


Tittmum 

Per Cent. 
8 12 

Man^janese 

0.58 

Silicon 

0 50 

Iron 

80 92 

Alutninuin 

3 00 

PhoHphorus. 

0 10 

C’arlKHi 

0 20 


The Determination ok Titanrim in Steer uy Hemovino the 
Bulk ok the Iron with Ammonia 

This method can be used for either Ini'll or low per cents of 
Ti and is especially valuable for low per cents such as 0.01 to 
0.05 per cent Ti. Dissolve 5 to 15 urams of the sample a.s far 
as possible in 1 : 3 sulphuric acid in the same manner as described 
for A1 in steel (see pages 189-190). h'ilter out the insoluble 
residue of carbides. Wash the same with water until free of ferrous 
iron test with potassium ferricyamde. 

Ash the carbide residue in a platinum crucible; fuse the 
ash with twenty times its weight of Na 2 CO.') plus the equal of 
its weight of niter. Keep molten for twenty minutes. Dissolve 
the fusion out in water; clean the crucible by wanning in it a 
little HCl. Acidulate the water solution of Dlie fusion with HCl; 
heat until all is in solution and add this solution to (A) before 
peroxidation. 

To the original main filtrate and washings from the insoluble 
carbides add ammonia a little at a time until a slight blackish 
precipitate is obtained which does not redissolve on stirring; 
filter off this precipitate; wash it ten times with water. The 
bulk of the iron is thus removed. On the filter will be all of the 
Ti that was not filtered off with the carbide residue in the begin¬ 
ning. Dissolve this blackish precipitate off the filter with hot 
HCl 1:1; wash the filter paper free of iron (save the filter 
paper); call the solution and washings (A). (A) plus the solu¬ 

tion of the fused carbides (already mentioned as added to (A) 
before peroxidation) now contains all of the Ti and A1 in the 
st^el; and also all of the Cr, V, U, and Zr. 
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If it is (le.sircd to get the Ti l)y the gravimetric method (A) 
is now converted to sulphate by fuming it with 50 c.c. of 1 : 3 
H2S{)4. Finish for titanium by precipitation with Na 3 S 203 
as already dcscrilxid on pages 49 52. 

Titanium in Chrome' Steel, Chrome Vanadium and Tung¬ 
sten Steel.—Dissolve the st(!el in the same manner as described 
for titanium in steed by removing the bulk of the iron by 
ammonia. When solution (A) has been combined with the 
solution of the carbidc^s in the manner described, then separate 
the (diromium by repeated peroxidations in the manner given 
for this separation on jiage 179. The iron and titanium will 
finally be left behind on the filter free from V, Al, and Cr. 
Dis.solvc the iron and titanium off the filter with hot 1 : 1 IK’I. 
Ash all of the filter papers from which the hydroxides were, 
dissolved in the different jxu'oxidations, as there may be still 
some Ti remaining in them. Also ash the main iron and titanium 
hydroxules. Fuse the combined ashes with twenty times 
their weight of potassium bisulphate until a clear fusion is 
obtained. Di.s.solve this fusion out in 1:3 H 2 SO 4 , using heat 
to aid in the solution. When all is in clear solution dilute the 
clear cold solution to50f) c.c.; mix well and take aliquot parts .50 
and 100 c.c. portions by means of a burette; add to each portion 
5 c.c. of cone, nitric acid; boil; cool; add 5 to 10 c.c. of the 
peroxide .solution prepared as given on page 4, and then finish 
by color comparison. Known amounts of made up standards 
should be put through all of the operations. 

Also the total 500 c.c. can be finished gravimetrically. 

The Deteiimination of Titanium in Nickel Steel 

Suppo.so it is required to obtain the titanium content of a 
steel containing 3.00 per cent Ni: Dissolve 5 grams of the 
sample, as on page 03, using 75 c.c. of 1 : 3 sulphuric acid for 
the solution, heating in boiling water for one hour to eliminate 
as much as possible the carbon before adding the 25 c.c. of cone, 
nitric acid to accomplish the oxidation of the iron and dissolve 
the titanium. For a standard mixture dissolve and oxidize 
5 grams of plain steel to which enough nickel ammonium sulphate 
has been added to equal 3.60 per cent Ni in 5 grams, and also 
5 mgs. of 8.20 per cent Ti ferro-titanium. Dilute the cooled 



TITANIUM IN Cr-V-Ni-W-Ti STEEL 


67 


solutions of.the standard and the test to the mark in 250 c.c. volu¬ 
metric flasks; mix and note if the two solutions arc about the 
'same shade of brown. If the standard solution is distinctly 
browner ^)repar(' a new standard usinfi: a lower carbon plain 
cart)on steel, adding the nickel suly^iate and .5 mgs. standard 
ferro-titanium. If now there is only a slight dilTerencc in the 
color of the solutions due to dissolved carbon proceed with the 
comparisons in the manner described on |)agc ti-l, using 25 c.c. 
from each flask. This method was used on a steel that con¬ 
tained O.OOH per cent 'I’i. However, it is Ix’tter to remove the 
bulk of the iron with ammonia, etc. See page.s 18!)-191. 

The Determination oe 'rrrANii'.M in Diihomiu.m-vanadium- 

N1 (■ K El.-TITA N H! M-Tr N11STKN S-rEEL 


Owing to the iuterferenee of the vanadium and the chromium, 
the latter must be removeil. d'his can be best (lone by peroxi- 
dizing the solution of the sample and standard mixtures in the 
same maimer as described on page.s ,'!1 .'to. If the ehromiiim 
is considerable it will re(|uire three peroxidations at least to 
remove the chromium and vanadium. 'I'lie redi.ssolving and 
reperoxidizing must be continued until the filtrate from the 
iron and titanium is no longer eolori'd yellow. The steel and 
standard mixtures are di.ssolved in ,50 e.c, of 1 : 3 sulphuric 
acid; 0.500 gram of sample is taken for analysis. A chromiiim- 
tungsten-vanadium steel containing no niektl or titanium was 
used as a basis of a standard, and to it was added 35 mgs. of 
nickel ammonium sulphate and 5 mgs. of 8,20 per cent (Ti) 
ferro-titanium. After the chromium color h.a.s been removed 
by several peroxidations from the standard and test, the iron 
and titanium are dissolved off the filters with 50 c.c. of hot 
1 : 1 HCl; the filter is washed free of iron; the filtrate and wash¬ 
ings will contain all of the titanium and iron except a slight 
amount that may still remain on the filter, which is ashed and 
fused with one gram of sodium carbonate; the fusion is dis¬ 
solved in 20 c.c. of 1 : 1 HCl and added to the main solution of 
the iron and titanium. Evaporate this latter solution to 5 or 
10 C.C.; add 100 c.c. of strong nitric acid; heat with the cover 
on until all spraying is over and then evaporate to 5 c.c.; add 
10 . c.c. of water and filter into the comparison tube, washing 
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with 1.20 nitric acid; add 10 c.c. of peroxide solution and com¬ 
pare. Example: Test matched the standard mixture as follows: 
76.7 c.c. test equal 91.2 c.c. of standard; therefore since the 
standard contained 0.41 mg. Ti, 76.7 : 91.2 :: x : 0.<41 mg. Ti, 
or 76.7 times 0.41 mg. Tt divided by 91.2 divided by 500 Multi¬ 
plied by 100 equals 0.068 per cent Ti. A duplicate analysis 
on this steel gave 0.070 per cent Ti, using 0.600 gram of sample. 
In the case of a similar steel that contained 0.80 per cent Ti, 
the nitric acid solutions containing the iron and titanium, freed 
as above from the V and Or, were diluted to 250 c.c. and 50 c.c. 
were taken from the standard and test for the comparisons. 0.81 
per cent Ti was obtained and a check of 0.78 per cent Ti. No 
attention is paid to the tungsten as it is removed along with the 
Cr and V. 


Calculations 

70 mg. of 8 2 per cent Ti ferro-titanium were used in the standar... mixture: 
01..5 c.c. of .standard e(|ual 78 c.c. of test. Cnc-fifth of 70 mg. times 0.082 equals 
1 148 mg. Ti. Therefore 61,5 7S::ll48:x; x equals 1.456 mg. Ti. 
Now 0.9 gram was taken m this case for the analysis and one-fifth or 0.18 
gram of the test was used m the comparison; hence 0.00145 gram X100 divided 
by 0.18 equals 0.809 per cent Ti. 


SOME FURTHER ANALYSES OF FERRO-TITANIUM 



Nu 1 

No 2 

No 3 

No 4 

No 5 


Pit Cent 

PtT Cent 

Per Cent 

Per Cent. 

Per Cent. 

Carbon 

7 00 

1 05 

0 04 

3 69 

1.85 

Manganese 

0 28 

0 40 

0 39 

0 19 

0 15 

Silicon 

1 08 

0 64 

2 51 

0 42 

14.90 

Titaimirn . 

7 30 

8 40 

20 44 

29 17 

6 15 

Aluminum 

0 42 

2 93 

3 10 

9 87 

2 25 

Iron . 

84 20 

86 53 

73 17 

56 78 

74 60 

Chromium 

Phosphorus 



0 52 


0 15 


Chromium .—The chromium was obtained in the above No. 3 
as in a steel, no attention being paid to the presence of titanium. 

Analysis of Basic Slag Containing Titanium.—St'/ico.— 
Dissolve 1 gram of the finely ground slag, after first stirring it 
into a thin, smooth paste with a very little water, in a No. 5 
porcelain dish in 50 c.c. of cone. HCl. Warm until solution is 
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practically complete, evaporate to dryness and heat until very 
little acid can be detected when hot. Dissolve again in 30 c.c. 
of cone. HCl; add 100 c.c. of water; filter; wash free of iron 
test. Burn in a weighed platinum crucible; add a large exceas 
of H?S 04 , about 2 c.c. to prevent loss o/Ti as fluoride and remove 
the silica with 15 c.c. of HF; calculate the los.s of weight to 
silica. For extreme accuracy the solution of the slag should 
be evaporated twice to dryness with HCl, filtering after each 
evaporation and solution in HCl and water. 

Onde of Iron .—Dissolve 1 gram of the slag, as for the silica, 
in a 600 c.c. Ijeakcr and dilute the solution to 300 c.c.; heat to 
boiling; reduce with stannoas chloride without separating the 
titanium; cool; add an excess of mercuric chloride solution and 
, titrate with N/20 |K)tiussium dichromate as in iron ores. 

Titanium Oxuk .—Dissolve 1 gram, a-s for silica, in a liter 
Iwiling flask and dilute to 300 c.c.; make tw'o peroxidations as 
described on page 49, obtaining the titanium and iron on the 
filter and the alumina in the combined filtrates and washings 
from the two peroxidations. 

Oxides of Manganese, Calcium and Magnesium .—Dissolve 
1 gram in 50 c.c. of cone. HCl m a GOO c.c. beaker and make 
two basic separations, )us directe.d for the separation of iron 
from manganese on page 244, beginning at the point where the 
filtrate and washings are diluted to 300 c.c. The combined 
filtrates from the two basic acetate separations contain all the 
Ca, Mg, and Mn in the slag. Acidulate the combined filtrates 
with HCl and eva|)orate them, if nece.s.sary, to 400 c.c. and 
make the .same slightly Imt distinctly amtnoniacal. Then add 
slowly a water solution of imtassium ferricyanide; use the c.p. 
salt of a clear resinous red color and free of the suggestion of 
bluish color, as ferricyanide containing blue material is partly 
decomposed as follows: Fc(CN):r3KCN = Fe(CN) 2 +CN+ 
3KCN, and will not precipitate the true manganese ferricyanide 
but a mixture of the latter and cyanide of iron. Dissolve 3.75 
grams of the potassium ferricyanide in water and dilute to 1 liter. 
1 c.c. of this solution will precipitate about 0.001075 gram 
of manganese. 2 K 3 Fe(CN) 6 + 3 Mn(N 03)2 = Mn3[Fe(CN)a]2+ 
6KNO3. Add a slight excess of the precipitant and allow the solu¬ 
tion to stand a half hour before filtering. Mix some paper pulp with 
the precipitate, filter it, and wash it with a solution of 5 grams of 
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ammonium nitrate dissolved in 500 c.c. of water made alkaline 
with 5 c.<^ of strong ammonia. In order to secure a rapidly sub¬ 
siding precipitate it is best to make the mangane.se solution, at 
first, just ammoniaeal enough to turn a small piece of ted litmus 
paper floating in it blue; tnen add 5 c.c. of 1 : 1 ammonia water 
in excess. After washing the manganese ferricyariide as described 
until 1 c.c. of the washings acidulated with nitric acid no longer 
give a chlorine test with silver nitrate, it is buriMid at a low 
red heat until free of carbon of the fdter paper; it then consists 
of a mixture of oxides of manganese and iron which can bo 
analyzed for manganese as usual. This mixture of oxides of 
manganese and iron seems to be of fairly constant percentage 
of manganese if always burned off at definite temperature. 
The author is not yet prepared to re(a)mmend weighing the 
mixture of oxides as a gravinu'tric mcthoil for manganese. He 
made many cxp(;riments with this in view and obtained some 
promising results. Where large amounts of manganc.so are pre¬ 
cipitated in this way in th(^ prcsen(« of lime, it is advisable to 
dissolve the mixture of oxides in 20 c.c. of cone. HCl and make 
a basic acetate separation of the iron; the manganese in the 
filtrate and washings from the iron acetate is again precipitated 
as before with ferricyanidc and the filtrate and washings from 
the manganese are combined with the filtrate and washings 
from the original ferricyanidc precipitation of the manganese. 
In this way the possibility of any lime being carried out with the 
manganese fcrrii^yanidc is obviated. This second precipitate 
of manganese ferricyanidc is burned off with the iron from which 
it has just been separated, otherwise two basic acetate separations 
would have to be made at this point instead of one. The total 
ash contains all of the manganese freed from the lime and 
magnesia. The manganese can now be dissolved and determined 
as on page 244. (Sec also page 345.) 

* Lime and Magnesia .—The combined filtrates from the two 
manganese ferricyanidc precipitations are treated with 100 c.c. 
of cone, nitric acid and evaporated to dryness. This acid should 
be added to the solution before the evaporation begins, to prevent 
as far as possible, the formation of the blue cyanides. When 
the evaporating solution reaches a certain degree of concentration 

* See also pages 135-137 for the separation of Mn from CaO and MgO 
by means of ammonium persulphate. 
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it should be watched as spraying may begin, and at this stage 
the casserole sliould lie covered until this action is over; the 
fcover is then removed and the evaporation continued to dry¬ 
ness. Tilt n'.sidue in the casserole is taken up with 100 c.c, of 
HC^ and concentrated to 20 c.c. afti? the action between the 
acid and the salts is over. Add 1(K) c.c. of water; and pre¬ 
cipitate the iron with annnonia; filter; wa.sh with water until 
the washings are freed of chloride test obtaining filtrate (A). 
Redissolve the iron hydrate; and precipitate it again; filter; 
wash; and combine the filtrate and washings with (A). Tin 
combined filtrates and washings are made faintly ammoniacal 
and the calcium is precipitated with ammonium oxalate as in 
the analysis of limestone. T'he oxalate is filtered, washed, and 
. reprccipitated. Tlu' two filtrates from the oxalate are com¬ 
bined and the magnesium is iirecipitatisl as given on iiage 403. 

Phoaphorm .—Weigh 0.300 gram of the slag into a porcelain 
dish and with it an eipial ainonnt of potassium chlorate; moisten 
to a thin paste with water and then pour in .'>0 c.c. of cone. H(3. 
Heat until all is in solution exceiit the silicic acid, remove the 
cover and evaporate to dryness but not at a baking heat. 
Redissolve with 30 c.c. of cone. IK I; and add 50 c.c. of water; 
filter; wash; convert to nitrates by (‘vaporating twice to 20 o.c. 
with .50 c.c. of cone, nitric acid; bod with a slight excess of KMn 04 
and finish us for phosphorus in steel. 


THE ANALY.SIS FOUND , 
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Sl02 

19 4.') 

MgO 

5 80 

FeO 

li 75 

MnO 

9 00 

AljOj 

1 IK 

Ti()., 

5 63 

Cat) 

47 00 ! 
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4 39 




CHAPTER IV 


Part I 

ANALYSIS OF TUNGSTEN POWDER 

Fuse 0.6 gram of the powder with a mixture of 10 grams of 
carbonate of soda well ground in a mortar with 2 grams of pota.s- 
sium nitrate. A complete fusion i.s obtained in twenty minutes. 
The melt is dissolved with water in a platinum dish. It is 
transferred to a 300 c.e. casserole, and acidulated with hydro¬ 
chloric acid—keeping the dish covered during acidulation. The 
solution is heated for a half hour with cover on, or until all 
danger of lo.ss by spraying is over. The cover is removed and 
the acidulated fusion is evaporated to dryness. 10 c.c. of 1 : 1 
hydrochloric acid are then added and the contents wanned until 
iron is dissolved. 200 c.c. of water are next put into the dish, 
and the solution is heated for thirty minutes to dissolve all 
sodium salts. 

The precipitated tungstic acid is filtered out and washed free 
from iron to.st with very dilute hydrochloric acid. It is washed 
twenty more times to insure reitioval of salts. The filtrate and 
washings are again evaporated to dryness, dissolved, filtered, 
and washed as before. The second filtrate and washings are 
treated with a hydrochloric acid solution of cinchonine to remove 
the last traces of tungstic acid. (See page 131.) 

The three portions of the tungsten are burned off at a low 
red heat until bright yellow. This yellow residue is weighed; 
moistened with a few drops of sulphuric acid; 15 c.c. of HF are 
added cautiously. (If the operator by accident spills any of 
the latter acid on himself he should lose no time in soaking the 
part with ammonia. HF left in contact with the skin for any 
time causes burns that are very liable to produce infected slowly 
healing sores.) Evaporate to fumes in a good draught; ignite 
cautiously, heating the crucible from the top down until it very 
gradually reaches a low red heat. Do not blast, as tungsten 
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oxide is slowly volatile at high heats. Weigh again. The 
(iifferenc(! or 'loss of weight from the first weight is the siliea. 
Silicon does not exist in the elenietifal fonii in tungsten powder 
made hy reduction at IKM)'’ t() 1200° If the sample l)eing 
analyzed is crushed ferro-tungsten, tlnti the lo.s.s of weight can 
be proix'rly calculated to silicon hy use of the factor .4093. 

Tungsten. The residue remaining in the crucible contains 
all of the tungsten, together with a little of the iron. It is fu.sed 
with 20 grams of sodium carbonate at a bright red heat until 
all bubbling is over and the melt is in a state of quiet fusion. 
Dissolve th(' fusion in water, in platinum or platinum substitute 
dish. If a platinum dish is not available, a ca.s.serole or porce¬ 
lain evaporating dish can be u.sed. Wann gently just long 
enough to insure a complete fusion. Avoid long healing and 
boiling, especially if a porcelain vessel is us(>d, as it is liable 
to be attacked. When the water insoluble residue is light and 
floats around, the extrai^tion of the sodium tungstate, etc., is 
complete. If the supeinatant liquid is greenish, due to presence 
of manganate, heat the extraction with a few drops of alcohol. 

When the green ixilor is gone, all of the manganese is pre¬ 
cipitated, and the in.soluble re.sulue can be filtered out, and 
washed thoroughly with water, mixing a little paper pulp 
in with the extraction before it is filtered. It will take sixty 
washings to insure the complete washing out of the carbonate 
of sodium. 

This wa.shcd, water-insoluble residue wiy contain mainly 
iron oxide in the powders of about 9.5 per cent tungsten, but if 
the residue exceeds a few milligrams, it should be ashed in the 
same crucible, weighed, and fused with twenty times its wi'ight 
of Na 2 C 03 ; extracted with water; filtered; washed with water; 
ignited, and weighed; its weight deducted from the first weight 
of the WO3. The remainder is the weight of the total pure WO3 
plus any oxides of tin, aluminum, and molybdenum that may 
have been weighed with the WO3, making the tungsten result 
too high unless corrected for. 

To correct for the Sn, Al, etc., make the two sodium carbonate 
filtrates and washings acid with HCl; then just ammoniacal. 
Any Al, Ta, Nb, Sn that have gone into solution will now be 
precipitated. Filter off the flocculent precipitate, if any; mix 
in a little paper pulp before filtering, wash it at least sixty times 
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with water containing 5 grams of NH 4 iN ()3 per oOO.c.c. Ignite 
it; weigh it and deduct tlic weight from total weight of the first 
crude silica-free WOo, after first deducting the double fused iron 
oxide as before described. If the ammonia i)rccipitatc wfighs more 
than a milligram or two, tt may contain some tungsten, conse¬ 
quently the deduction for Al, etc., will have been too grfcat and 
this precipitate must also be fused with twenty times its weight 
of Na 2 C 03 ; acidulated with HCl; heated until all is in clear 
solution and cinchonine added to the only moderately acid 
solution. This solution should be allowed to stand over until 
the next day. If any precipitate forms it is tungsten, and must te 
filtered off; wa.shcd with cinchonine at Ica.st .sixty times; ignited; 
weighed, and added to rcnininder obtained afier dediicting from 
the first crude WO;), the double fused iron and manganese oxides 
and the crude AI 2 O 3 , l^nOj, etc., before mentioned. This net 
amo\mt will be the weight of the pure W()3 plus any M 0 O 3 
that may have been present. To correct for the MoOa, the ammo- 
niacal filtrate from the crude AI 2 O 3 plus SnOo, etc., is treated 
with 4 grams of tartaric a(ad to hold the tungsten in solution. 
It is then made dighthj acid with IK’l and saturated with H 2 S. 

Any brown precipitate is filtered off; washed with II 2 S water 
at least sixty times; ignited in a porcelain crmablc at the lowest 
possible heat—just below redness; then the heat raised slightly, 
if nece.ssary, to burn out all of the paper char. Weigh this residue, 
which will be a whitish ash unless some copfier be present, wlicn 
it will persist as ajjlackish n'sidue. Deduct its weight from net 
amount of the pure WO 3 plus M 0 O 3 , and the remainder will 
be the final weight of the pure WO 3 , from which the W is obtained 
by the factor 70.31. This product divided by the weight taken 
gives the per cent of tungsten in the sample. 

Rapid Method for Tungsten. —Weigh 1 gram of metal into a 
platinum dish.* Add 10 c.c. of pure hydrolluoric acid. Cover 
with a lid. Warm in a good draught. Remove from fire. 
Add three or four drops of cone, nitric acid. Violent action 
occurs at this point. (Continue to add nitric acid a drop at a 
time until further additions of acid produce no action. This 
will take, in all, about 5 c.c. of cone, nitric acid. Remove the 
lid, rinsing off its surface, pennitting the washings to flow into 

• Or a platinum substitute dish, of which there are several kinds that 
will answer for such work. 
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it. Add 10 c.c. cone, sulphuric acid. Kvapurato to thick fumes 
of iS 03 . ■ Cool, moisten with 10 c.c. of cone, hydrocliloric acid. 
Add 10 c.c. of water, tran.sfcr the contents of the di.sh to a 000 c.c. 
casserole, *nd heat to hoilinj; w’ith constant stirring to prevent 
hunniing. Cool. Filter. Wash with# I : 10 hydrochloric acid 
until free of iron test. Ignite and weigh the tungstic acid us 
trioxide. Fu.se the latter with sodium carhonatc and finish as 
in the first method. This rapid scheme is a modification of 
Arnold and Ibbotson’s method. (Sec, Arnold and Ibbotson’s 
“Steel Works’’ Analysis, 1007.) 

Iron and Sulphur in Tunc.stkn Powder and Ferro-tunosten 

Iron.— Fu e the finely ground sample in a powdered mixture 
of 20 grams of sodium carbonate and 1 grams of niter. Dissolve 
the mixture out in water in a porcelain dish or casserole, (’lean 
the crucible with a little HC’I until all stains are gone. Rinse 
all cleanings into the dish Acidulate the fusion with HCI and 
cva[iorate the contents of the dish to dryne.ss, but do not bake. 
Take up in HCd and water, heating until all .salts are in solution. 

Filter out all separated tungsten trioxidi-. Wash thoroughly 
with llCl wash water. Kvaporate filtrate and washings again 
to dryness. Take up as before; filter and wash. Combine the 
two .sets of filtrates and washings which will contain the bulk 
of the iron and all of the sulphur. Ruin off the two residui's 
on the two filter jiapers until free of paper char. The a.sh will 
contain the bulk of the tungsten present and a little of the iron. 
To obtain this part of the iron the a.sh must be fused with twenty 
times its weight of .sodium carbonate until a quiet fusion is 
obtained. This should be done at a bright red heat. 

Dissolve the melt out in water in a ca.s.seroIe as in the first 
fusion. When the .small brown residue floats around, it is well ex¬ 
tracted and can be filtered off. Washed thoroughly with sodium 
carbonate water and then with water alone, d'o insure the complete 
removal of the tungsten, which is essential, the ignited residue 
should be fused again as before; dissolved out in water; filtered 
off; washed with water thoroughly; then dissolved off the filter 
with hot HCI; the filter washed free of iron test, and the filtrate 
and washings added to the two sets of filtrates and washings 
which were previously mentioned as containing the bulk of the 
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iron and all of the sulphur. This total combination of filtrates 
and washings will contain all of the iron and sulphur and .some 
tungstic acid still in .solution. Make the.se filtrates, etc., slightly 
ammoniacal; heat; filter out the iron; wash it thoroughly with 
water. Keep the filtrate ^ind washings for the total’ sulphur. 
Ignite the washed iron hydroxide; dissolve it out with HCl; 
pour the solution into dish; rinse the cr\icible out well into the 
dish; evaporate all to dryness; take up in the least amount of 
water and acid; heating until all is in clear solution except some 
yellow precipitate of tungstic acid that is almost certain to sepa¬ 
rate out here. This must be filtered out; washed; the filtrate 
and washings evaporated to fumes with about 30 c.c. of 1 : 3 
H 2 SO 4 taken up by heating with some water and about 10 c.c. 
more of the sulphuric acid. 

This should be again filtered if it shows any turbidity of 
tungstic acid; the filter washed free of iron test with sulphuric 
wa.sh. The filtrate and washings should now be free of tungsten 
and contain the total iron. Evaporate to 100 c.c. volume and 
pass the .solution through the zinc reductor and titrate with 
the permanganate standard used for the determination of iron 
in graphites if the percentage of iron is small as in a powder, 
but if the sjunplc is a ferro an aliquot part of the solution should 
be reduced and titrated with the permanganate standard of 
the strength used in iron ore. (See page 39.) 

Sulphur.—The filtrate and washings last referred as to be 
kept for the total sulphur should be treated with a cinchonine 
solution, using 20 c.t;. of the solution, which is made l)y dissolving 
25 grams of cinchonine in 200 c.c. of 1 : 1 HCl. I.et the solution 
of this .sample stand several hours after being treated with the 
20 c.c. of the cinchonine. If any precipitate fonns, it must be 
filtered off and washed with a wash consisting of 10 c.c. of 
cinchonine solution dissolved in 500 c.c. of water. Heat the fil¬ 
trate and washings and add about 30 c.c. of a saturated solution 
of barium chloride. Let stand overnight, and finish for sulphur 
as in plain steels, weighing the barium sulphate. (See page 335.) 

Total Sulphur by Evolution.—The best and easiest way to 
get the total sulphur in tungsten powder, ferro-tungsten, oxide, 
etc., is to heat 1 gram or less of the substance in the finely powdered 
state in a tapered clay combustion tube at a temperature of 
950° C. in a stream of hydrogen saturated with HCl. The 
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evolved HjS is caught in an animoniacal solution of cadmium 
chloride anil finished exactly as in plain carbon steel. (See pages 
122-129.) In this same way the total sulphur is evolved from 
such sul|ihates as BaSOj Na^SOj, CaSOj, as hydrogen sulphide, 
b)»the following reaction: • 

BaS0^+2nCl+8H = BaCl2 + H2S+4H20. 

Blanks .—Blanks must l)e nm for iron, and sulphur on the same 
amounts of all chemicals and acids used, and for silica, and 
deducted. The reagents are almost certain to be contaminated 
with all of these elements. 

It has been pointed out that sodium carbonate may contain 
enough iron to make an appreciable error in the tungsten deti r- 
mination by rea.son of deducting from the crude W(>.j, not only 
the iron that existed in the same but also that which containi- 
nateil the sodium carbonati' used in the fusion. The remedy is 
to subtract the amount of iron and alumina in the carbonate 
from the total iron and alumina foutui, before deducting the 
lattei from the crude WO,). Credit is dui‘ to Mr. (!eo. M. Berry 
for emphasizing this point, which is one phase of the general nece.s- 
sity of running blanks on all reagents that one uses for any 
analysis whatsoever. 

Blio.^phurus. - ’\'\m author has found that the practice of 
decomposing tungsten-bearing materials by fusing them with 
a mixture of sodium carbonate and potassium nitrate, leaching 
out the fusion, acidulating with hyrirochloric acid, removing the 
tungstic acid by several evaporations to dryness, and then using 
the filtrate and wa.shings from the tungstic acid for the deter¬ 
mination of the phosphorus, gives far less than the actual per cent. 

The method that he now uses together with the proof of the 
accuracy of the same, he first published in the Journal of Ind. 
and Eng. Chem., Vol. V, No. 4. The full description of his 
method can be found on pages 90-93. 

Manganese .—Fuse 0.100 gram with 2 grams sodium carbonate 
and 0.5 gram of niter. Renrove tungsten by one evaporation 
to dryness. Dissolve in 5 c.c. 1 : 1 hydrochloric acid; filter; 
wash; evaporate to fumes with 10 c.c. 1 ; 3 sulphuric acid. 
Dissolve in 10 c.c. of water; wash into a 10 by 1 inch tube; 
dilute to 20 c.c. with water. Add 10 c.c. concentrated nitrio 
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and finish as in .steels. Accurate to 2 per cent if 0.050 gram 
is taken for analysis when the manganese exceeds 1 pcV cent. 

For higher per cents of inang.anese fuse 1 gram and remove 
tung.sten by one evaporation. Convert the filtrate, into sul¬ 
phate; riiLso it into a litfr flask and proceed a.s given for ihigh 
manganese in above 2.00 per cent Mn. (See page 345.) ' 

Molybdenum in Tungsten Powders .—Fuse 1 gram as for 
tungsten. Dissolve the melt in as little water as possible. 
F'ilter. Wash with .sodium carbonate water. Add to the filtrate 
and washings 4 grams of tartaric acid. Then make the filtrate 
very slightly acid with hydrochloric acid. Warm. Pass H 2 S 
for an hour, or until the brown sulphide settles well. F’ilter off 
the sulphide. Wash it thoroughly with H 2 S water. Ignite the 
precipitate at a very low heat 550° C. until white or bluish white. 
If it looks yellow, fuse it with a little sodium carbonate; di.ssolve 
the melt in water; add a crystal of tartaric acid and proceed 
as before with H 2 S. 

When the bluish white molybdenum trioxidc is obtained, 
multiply its weight by O.OGOG after deducting the silica, etc. 
(See Molybdenum in Steel.) The methods given for tungsten 
powder apply also to ferro-tungsten. 

Magnesia and Lime in Ferro-tungsten and Tungsten Powder. 
—Weigh 1 gram of sample in 3-inch platinum dish with platinum 
cover or in a palladium-gold substitute dish. Add 10 c.c. hydro¬ 
fluoric acid and warm. Using a glass tube of moderate bore, 
add cone, nitric .'|cid, drop at a time, keeping the dish covered 
as much as possible because of brisk action taking place, until 
no further action is observed. 

Add about 1 c.c. HNO 3 in excess, remove lid and rinse thor¬ 
oughly with distilled water; then add 10 c.c. H 2 SOr (1.84 sp. gr.) 
by distributing it in drops over the contents of the dish, which 
should become clear due to perfect solution. 

Place dish on graphite bath over moderate flame at first; 
evaporate low, at which stage yellow tungsten trioxide pre¬ 
cipitates; increase flame under bath and take to heavy SO 3 
fumes; cool; cover with a watch glass; then add 25 c.c. HCl 
(1 : 1 ), small quantity at a time because of violent action. 

Heat for twenty minutes on graphite bath with moderate 
flame, dilute to about 100 c.c. with distilled water; stir for a 
few minutes; then transfer contents to clean 400 c.c. beaker. 
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Rinse dish with 1/10 HCI, wash, roinovinii; any adhering tungstic 
oxide, using a little aiuinonia in the disli for the purpose if neces¬ 
sary. Volume in beaker, alsiiit 1.50 c.c. Ib'at for about ten 
luinutes oti bath with occiusional stirnng, (o in.sure solution of 
all solublt' salts. Filter on double ll cm. asliic.ss filters, and 
wash fifty limes with 1,20 IK'l wash. The tungsten precipitate 
is fiuanlitativc. It should be burned olf to free it from the 
paper; fu.sed with 10 grams of sodium carbonate; dissolved out 
in water; the water-insoluble filtered out, first wanning it with 
alcohol if there is any green menganate present; w’ash IIk' tiller 
thoroughly with carbonate w'ater; then dissolve the water-insol¬ 
uble off the tilter with some hot 1 : 1 H(il, as it may contain 
some lime, manganese, and magnesia; wash the filter; add 
the filtrate and washings to the main filtrate from the ImigsU'ii. 
This main filtrate will now eontaui all of the lime, mangaiie.so, 
and magnesia and iron m the sample. 

The whole of the filtrate may be used for the lime and magnesia, 
or it may be divided as follows; After diluting to 500 c.c. and 
thoroughly mixing the dilution: 

50 c.c. = 1(K) mg. for inangano.se; 

200 c.c. =d(K) mg. for eiiiehoniiu' pptn. of traces of tungsten; 

250 c.c. = .500 mg. for lime and magnesia. 

Lmie.—Make the total filtrate from the tungsten to which 
the .solution of the iron, etc., from the erigle Wt/i has lieen 
added as described, slightly ammoniacal. Foil two minutes; 
filter off the iron, etc.; wash it with water; redissolve it in hot 
1 ; 1 HCI; wash the paper from which it was dissolved free of 
iron test. Reprccipitate the iron as before with a slight excess 
of ammonia; filter; wash with water. Combine the two filtrates 
and washings from the two ammonia precipitations. Make the 
combined filtrates slightly acid with H(,'l; evaporate to about 
250 c.c. Add 20 c.c. of a saturated solution of aimnonium 
oxalate to the evaporated solution; make slightly ammoniacal; 
heat to boiling. Let stand several hours, preferably overnight. 

Filter on double 9 cm. paper, catching filtrate in 800 c.c. 
beaker. Wash until free of chlorides, with ammonium oxalate 
wash (10 c.c. saturated solution of ammonium oxalate to 500 c.c. 
Witter). Burn off with a low flame in a weighed platinum crucible; 
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then increase flame; finally, using blast lamp to constant .weight. 
Weigh as CaO. 

To free from traces of WO3 and Si02 dissolve residue in 
crucible in 10 c.c. 1 : 1 HCl; filter on a .small pa^r; wash 
with 1/10 IICl wash; burn off; weigh and deduct. 

Reprecipitate the lime in this filtrate as before; wash it; 
weigh it again as a check. The oxalate filtrates and washings 
from the two lime precipitations should be combined for magne.sia. 

Magnesia. —Evaporate these tw’o filtrates and washings to 
about 500 c.c. volume. Add 20 c.c. of a saturated solution of 
sodium ammonium phosphate. Stir and add 150 c.c. ammonia 
(0.90 sp. gr.). Let stand overnight; filter on double 9 cm. 
paper, washing free of chloride with the following wa.sh; 10 c.c. 
ammonium nitrate, .50 c.c ammonia (0.90 sp. gr.), diluted to 
500 c.c. with distilled water. Burn off in a weighed platinum 
crucible over a low flame. When black particles have disap¬ 
peared raise the flame and btirn until white. If discolored, purify 
as directed under lime. Residue is weighed as Mg 2 P 207 . Mul¬ 
tiply by 36.20 to calculate to percentage of MgO. 

Run blanks on all of the foregoing. 

Carbon. —The carbon in tungsten powders can be deter¬ 
mined by burning the latter in the electrically heated furnace 
without any aid to the combustion other than the oxygen. The 
heating in the stream of oxygen should he continued for forty- 
five minutes. Ferro-tungsten should be as finely powdered as 
posfsible. It is ini.xed with four times its weight of red lead or 
peroxide of lead to insure complete combustion and the burning 
should be continued for thirty minutes at least. Blanks must 
be determined on the oxide of lead used, and deducted from the 
total CO 2 found. (Sec Chapter XI, page 257.) 

Sulphur by Fusion in an Iron Crucible. —Sulphur can be very 
accurately determined by fusing in an iron crucible 1 gram of 
the tungsten powder or the ferro-tungsten with 15 grams of 
sodium peroxide mixed with 7 grams of sodium carbonate. 

The melt is dissolved out in water, in a casserole, and evap¬ 
orated to dryness after adding an excess of HCl. Proceed from 
this point to remove the tungsten, as given on page 76, until 
the last traces of it have been precipitated with cinchonine. 
The filtrate from the cinchonine tungstate is then precipitated 
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with barium chloride and the sulphur finished as given for steels 
(page 335). Hun complete blanks including every operation. 
If the cinchonine contains exce.ssive amounts of sulphates, iis is 
sometime# the case, these, can be removed by washing the crystals 
on fK)rcelain colander with distilleif water until the washings 
no longer give a precipitation with barium chloride solution. 
This may cause some loss of the cinchonine. A sulphur deter¬ 
mination of any tung.stcn compound should, without fail, have 
this cinchonine treatment to risuove last traces of the meta¬ 
tungstate, otherwise the latter tungstat(^ will contaminate the 
barium sulphat(‘, frequently causing serious error. See also 
evolution method in a hot tube in a stream of hydrogen and 
HCI vapor, at 950° C. (See page 122.) 

The Determination of Oxvoen in Metaleic Tungsten 
Powder and Some Notes on the Determination ok 
Oxygen in Steel 

It has been found a distinct advantage both in the manu¬ 
facture and use of tungsten powders to know their oxygen 
content. In one of the laboratoiies under the author's direc¬ 
tion, this detemiination is a matter of daily routine. The 
method involves the same i)rinci|)le used in the detemiination 
of o.xygen in steel, i.e., the ignition of the substance in a stream 
of hydrogen, which method is credited to Ledebur. 

The electrically heated furnace introduce^ by the author* in 
1908 for the direct determination of carbon in iron, steel and 
alloys is utilized in the process which is described in detail in 
this paper. 

Walker and Patrick,! in a paper read at the Eighth Inter¬ 
national Congre.ss of Applied fihemistry, attack the accuracy 
of the Ledebur method on the ground that any oxides of man¬ 
ganese or silicon present in the steel would not be reduced. The 
author regards the Ledebur method as more practical than the 
proposed new one f above noted; even if the fonner process 
does not reveal the total oxygen present it certainly shows 

• J. Am. Chein. 8oc., 30, 773. 

tProc. 8th Intern. Cong. Appl. Chem., 21, 139; also Ind. and Eng 
Chem., 4, 799. 
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enough of it to furnish a basis for juilginent of the quality of 
the steel. If the steel is sufficiently dirty and poorly melted 
in actual, open-hearth, Bessemer, or crucible practice to contain 
oxides of manganese and silicon, then it would surely contain 
enough oxide of iron to condemn it. 

The arrangement of apparatus is indicated in the drawing and 
the accompanying notes. The towers (or jars), page 85, are the 
author’s design, as are also J, I and C, and were used first as 
part of a combustion train.* In this laboratory four furnaces 
ar(i placed side by side. By the use of a Y tube at the outlet of 
jar F, Fig. I, one train from F to K can be made to serve two 
furnaces.t Of course, a separat(‘ s(>t of A, B and C is nece.ssary 
for each furnace. If, after making a largo mnnber of deter¬ 
minations, the blank begins to show a gradual increase, the 
contents of the various jars must be renewed. 

Method.— Blank .—Before introducing anything into the 
electric furnace, close all points marked “ screw irinchcock.” 
At B, Fig. 1, make a connection with a straight glass tube instead 
of the U tube shown. Insert quickly into the quartz tube (at 
the point marked K) the porcelain boat that has been kept at 
105° C. in an air bath. Push the boat into the center of the 
furnace with a heavy copper wire which is marked to show how 
to place the boat in the hottest part of the furnace. Stopper 
the tube as quickly and tightly as possible. Open all four pinch- 
cocks and turn on the hydrogen slowly until it passes through 
the apparatus at.,thc rate of about seventy bubbles per minute. 
Allow the hydrogen to pass through the cold furnace for thirty 
minutc.s. Close all the pinchcocks and replace the glass tube 
at B by the U tube. Open all cocks and let hydrogen run for 
another half hour to fill the weighing apparatus with this gas. 
Close all pinchcocks and the glass cocks on the U tube. Remove 
the U tube and weigh it quickly. Insert the U tube again, 
open all cocks and start the hydrogen flow; turn on the electric 
current in the furnace and bring up the temperature to 950° to 
1000° C. After reaching this temperature keep the heat on 
for two hours with the hydrogen passing continually. Close all 
pinchcocks, shut off the hydrogen, and close the glass cocks on 

• J. Am. Chem. Soc., 28, 862. 

t See i)hoto No. 1. 
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the weighing apparatus B. Detach and weigh B. The differ¬ 
ence between this weight and the first weight represents the 
blank to be deducted from all determinations. 

Sample .—Dry the finely ground powder of the tungsten metal 
to constant weight at lte° C. Put 2 or 3 grams of the {»wder 
into a porcelain boat that has been dried at 105° C. Place 
this in the cold furnace and stopper tightly at E. Using the 
gla.ss tube connections at B, open the pinchcocks and allow 
hydrogen to pass through the cold furnace for one-half hour to 
remove whatever air entered when the charge was inserted. 
Close all pinchcocks and replace the glass tube by the weighed 
U tube at B. Open all cocks, adjust the hydrogen flow to seventy 
bubbles per minute and turn on the electric current, heating the 
furnace to from 9.50'’ to 1000° C. Maintain this temperature for 
two hours with the hydrogen passing. Close all cocks and turn 
off the hydrogen, Remove and weigh the U tube. The increase 
in weight minus the blank gives the amount of water formed by 
the reduction of the metallic oxides to metal. This result multi¬ 
plied by 10 and divided by 18.010 is equivalent to the weight 
of oxygen which is converted into percentage by the usual calcu¬ 
lations. 

Standardization of Apparatus .—With C.P. Tungstic Oxide .— 
This material is prepared as follows: Treat 5 grams of 96 to 98 
per cent tungsten powder in a platinum dish with 10 c.c. c.p. 
hydrofluoric acid. Pour on this mixture very slowly 30 c.c. of 
concentrated nitrjc acid. This produces considerable heat, and 
the material is dissolved as clear as water. Now add 15 c.c. 
of concentrated sulphuric acid, evaporate to thick fumes, cool, 
add from 10 to 20 c.c. c.p. hydrochloric acid, boil, from three 
to four minutes, add 50 c.c. of water, heat, filter, and wash free 
from iron and sulphates by decantation in a 600 c.c. beaker. 
Transfer to a platinum dish, ignite at a bright red heat in a 
muffle, and put in a glass-stoppered botth'. Before using any 
of this material for a test, ignite a portion of it at a blast lamp 
temperature. Immediately after the blasting put 1 gram of the 
oxide in a porcelain boat dried at 105° C., and charge it at once 
into the furnace. It will require at least six hours treatment 
at 950° to 1000° C. to reduce this amount of oxide and carry all 
of the water fonned over into the weighing apparatus. 
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With Ferric Oa-iVfc. -Dissolve 10 Kraius of low carbon steel of 
very low phosphorus, sul[)hiir, and silicon content in' 100 o.c. 
hydrochloric acid in a liter beaker. Transfer this to a No. 7 
porcelain dish and evaporate to 10 c.e. Add 100b e.c. nitric 
acid and evaporate to 2tre.e. Add .5t) e.c. of concentrated ^iitric 
acid, and evaporate to dryne.ss. Place the dish in a iniitlle and 
heat to redness. Cool, dissolve in 50 c.c. hydrochloric acid, 
add 50 o.c. of water, evaporate to small volume, filter out insol¬ 
uble matter, such as silieic acid, and precipitate with filtered 
ammonia. V7a.sh the precipitate by deeantation until free from 
chlorides, dry in a porcelain di.sh, heat to redness and place 
in a stoppered bottle. Blast a portion of this for three or four 
minutes, transfer 1 f;ram (|uickly to a [lorcdain boat, and place 
at once in the reduction furnace. I’a.ss hydrogen for six hours 
afti'r the furnace reaches 950° to 1000° (J. 


TAULE 1—KE.SUET,S DliT.VI.N'ED liV .\I>P.\I!.\TI'.S DE.SGKIIIED 

Pure \V()t, contain.s 20 r»() per cent oxygen. 

1 Kriiiti ^ave 21) 70 per c('nl owfC’ii. 

0 250 gratii ^ave 20 SO per cent oxygen. 

0 500 gram gave 20 30 |)er cent oxygen. 

Avf'rago, 20 00 per cent plus 
Pure FcjOa, contains 30 00 per cent o.xygen. 

0 500 gram gave 30 10 piT cent oxygen. 

Planks, 0 0030 and 0 0030. 


The Effect of Free Carbon on the Method.— It is an advan¬ 
tage to have some excess of free carbon in finished tungsten 
powder, and, at times, in the proce.ss of manufacture, it is 
necessary to know the amount of oxygen present in a powder 
that contains as much as 3 or 4 per cent- of charcoal. Some 
tests were made to see if the reaction VV()j-b3C = W'-|-3(’() 
might not occur at the .same time with the desired ri'aetion 
W():i-b6H = VV-pdllaO. Table II shows that the presence of 
excessive amounts of free carbon caused no material error in 
the case of the pure tungsten oxide, but did cause low results 
when the carbon content exceeded 5 jier cent in the iron oxide. 
A curious feature is that 30 per cent of free carbon caused 
practically no lower result than the addition of 10 per cent. 
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TABLE II—RESULTS OBTMNEI) WITH .MIXTHRRS OF OXIDES 
AND GllAiiC’OA'L 
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20 Oli 1 
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1 7 
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0 o:.o 

20 Oil 

27 S2 

0 7 


Tli<“ followiiif' tul)l(‘ shows the mmiouiiIs of oxy)i;c'n foiitid in 
the various brands of IuuhsIcm powders niad(‘ both in tin' U. S. 
and abroad, I'iaeh lunneral re|)resenls a dilTerent, make. 

'Pile reduction was |)artieulaily poor in the .seeonil lot 
received fi'oni (lie (lerinan nianiifaelurer desi(rii;i((.,| II (No. 2 
in Ins si'cond slupineni). When so iniii'h oxide is pre.sent it 
can lie easily ileleeled bv the eye, beiiin e(|iiivalent to 10.02 
per cent, of liiiijrslie oxide. Such so-called metal has a distinct 
brown i-olor. 
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The Decarbonization of Steel When Ignited in a Stream of 
Hydrogen for the Oxygen Test. —In 1909 the writer called 
att(mtion to the fact that hydrogen will produce a hark, or decar- 
honizod surface, on steels when the, latter are heated jn a current 
of this gas. Suppleinen,.ing this statement * the following tests 
were made on three steels that were analyzed for oxygen: 


TABLE IV 



(iriuiis Ilf '< 
1 irillinjiH Tukfii 
for till’ < *\v Ken 
Test 

No of Hours 
, iKiuU-ii in 
ilytirusi’ii 

PtUCENTAOK C/ 

Befuie iKtlltlUIl 

iRBON Content 

1 

Af'ier Ignilioii 

S:iin|)lp I 


31 

1 04 

0 90 

h'ani[>l(' 11 

16 0 

31 

1 08 

0 83 

Sample 111 

' 10 5 

1 

1 

35 

0 S3 

0 70 


In the foregoing method no pn'heating furnace or tube i.s 
used such as was recommended by l.edebur in his “ Leitfaden 
fill' Misenluitten-Laboratoncn ” and adopted by others who have 
since written on this or similar subjects, thus simplifying matters 
to that extent. Also, concentrated sulphuric acid is omitted, 
entirely, eliminating the pos.sibility of unpleasant, not to say 
dangerous, .accidents from this source. 

The introduction of an alkaline solution of pyrogallol into the 
purifying train wj'.s made at the suggestion of Mr. Simon Lubow- 
sky, in July, 1912, when working under the author's direction. 
The latter adopted his suggestion as did Mr. McMillen,t of 
The Crese('nt Steel Woi’ks, who was the first to apply the elec¬ 
trically heated furnace, introduced by the writer, to the deter¬ 
mination of oxygen. 

Photo No. 2 .'shows a battery of four of the writer’s furnaces 
which he ilosigned .some years ago and published in the Met. 
ami Chem. Eng. The construction is very simple, consisting 
of a split-heat insulating cylindrical muffle, of infusorial earth; 
a heating element of nichrome wire wound on a collapsible 

'See “The Formation of White Scale on Steel and the Surface Decar¬ 
bonization of Pipe-annealed Steel,” page 423. 

t .Met. and Chem. Eng , 11, No. 2; also J. Ind. and Eng. Chem., Feb., 
1913. 
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Photo No. 2. 

mandrel, and eovered with aliindiiin cement. The.se furnaces 
are arranged in a suit.ahle (rain for tlie determination of oxygen 
in tungsten j)owder or in stc('l. 

The Preparation of the Steel Sample for the Determination 
of Oxygen.—The steel should lx; first thoroughly ground and 
polished free of all rust and scale as a ver^ small particle of 
either oxide, would seriously impair the accuracy of th(; work. 
The drill should bo also free of rust,, grciuse, and scale. The 
drilling should be proceeded with slowly so as not to overheat 
the sample a,s this will cause oxidation. Any blue- or gold- 
colored drillings present indicate overheating during the drilling 
or milling of the samplc.s and any such should be rejected. 
The coarse drillings are also rejected; and only those drill¬ 
ings that will pass a 20-ine.sh screen and will not pass a 
30-mesh one are used, unless the drillings are very thin. Ten 
to 20 grams of sample are taken and the work is carried out as in 
the tungsten powder. The drillings are kept over anhydrous 
calcium chloride until used. The great danger about the whole 
operation is that improper sampling may cause oxygen to be 
found that does not exist in the steel. The drillings are heated 
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at 950° to 1000° for two hours in the apparatus shown on 
pages 85 and 89, Fig. 1. and photo No. 2. 

The Determination of Phosphorus in FerrojTungsten 
Metai,eiu Tuno.sten Powder, Tungsten Oxide %ind 
Tungstic Acid by Direct Solution 

The author found in the eourse of an investigation that the 
practice of decomposing tungsten-iicaring materials by fusing 
them with a mixt.urc of sodium carbonate and potassium nitrate, 
leaching out the fusion, acidulating with hydrochloric acid, 
removing the tungstic acid by several evaporations to dryness, 
and then using the filtrate and washings from the tungstic acid 
for the determination of the phosphorus, gave far less of the 
latter element than was actually present. He then devi.sed the 
following method whit^h he has found to give near enough to 
the true phosphorus for technical purposes 

Phosphorus in Ferro-tungsten.—Add 30 c.c. of concentrated 
nitric acid to 1 gram of the powdered sample, in a platinum 
dish; then add slowly 3 c.c. of c.p. hydrolluoric acid. Keep 
the dish covered with a watch glass; warm the mixture. After 
warming and slight boiling, the material should dissolve to a 
clear solution. Transfer the solution to a No. 5 porcelain dish 
and evaporate to dryness; do not bake, as there is danger of losing 
phosphorus at this point. Dissolve this residue with 50 c.c. of 
concentrated hydrochloric acid. Heat with the lid on; then re¬ 
move the lid and e.vaporate to dryness; do not bake. Dissolve 
again, using 20 c.c. of concentrated hydrochloric acid; heat; 
add 50 c.c. of water, stir, heat, and filter out the main tungsten; 
wash with one part of concentrated hydrochloric acid diluted 
with twenty parts of water. Evaporate the filtrate and wash¬ 
ings to 10 c.c., add 20 c.c. of water, stir, and filter as before. 
Evaporate to 10 c.c., add 75 c.c. of concentrated nitric acid 
and heat with the cover on until all action is over; remove the 
lid and evaporate to 20 c.c. Aild 50 c.c. of nitric acid, and evap¬ 
orate to 15 c.c. Add 20 c.c. of water, stir, heat, and filter into 
a 6 oz. beaker; wash with 2 c.c. of concentrated nitric acid diluted 
with 100 c.c. of water, washing fifteen times. Evaporate the 
filtrate and washings in the beaker to 40 c.c. Replace the lid 

■See J. Ind. Eng. Chem., Feb. 7, 1913. 
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and add a slight excess of 5 per cent solution of potassium per¬ 
manganate; 'boil throe or four minutes. Dissolve the excess of 
manganese oxide with a little ferrous sulphate, and iirccijiitate 
the phospborus with molybdate .solution. 

When dissolving ferro-tungsten in Aio mixture of nitric and 
hydrofliloric acids, a porcelain dish can be used, but a little 
more hydrofluoric acid may be needed to secure complete solu¬ 
tion of the alloy on account of the tendency of the latter acid 
to attack the dish. Further, when a porcelain dish is used, 
blanks must bo run, using a standard steel. 'I'lie latter is dis¬ 
solved in the mixture of the two acids and the phosphorus deter¬ 
mined, using the porcelain dish. If the standard is found to 
nin higher than it should, the di'duction necessary to correct 
it constitutes the blank to be subtracted fiom the phosphorus 
found in the sample. 

Any method with which the writer is ac(|uaintcd, using a 
carbonate and niter fusion of materials containing tungsten for 
the purpose of obtaining tlii' percentage of phosfihorus therein, 
gives only a fourth, or less, of the actual content of the latter 
element. The following results are only a few of lho.se obtained 
in this laboratory and are given m proof of the above statement.; 


CtOMPARI.SON OF FUSION AND E.XTRACTION MIOTIIODS 


h>ain[)lo. 


Ferro-tUfiRstcn No. 18 


A high phosphorus pig iron (0.73 per rent D j 
0 5 gram tungsten powder (98 per rent pure) 
per gram of iron .. 


VrounlRKo, 

\ijlhor’‘i 

'ixlraclioD 

\Io»)io<l 

IMiDgplioriitt 
I''(iiiimI I)v 
I'' iiKion with 
NajCfIj + KNOj 

0 322 

0 S.".!) 


0 006 

0 31.5 


[ 0 088 

0 330 




“Tungsten cake". . j 

Tungsten powder oxidized to WOs at low red; 
heat before extraction . I 


0 101 1 
0 10'2 / 

0 113 


0 008 

0 007 


Phosphorus in Tungsten Ores.—Here the procedure differs 
only in the manner by which decomposition is effected. Grind 
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the ore to the finest possible state of division; extract at nearly 
boiling temperature with 100 c.e. cone, hydrochloric acid in a 
No. 5 porcelain dish. About every thirty minutes, add 0.1 gram 
additions of KCIO 3 ; on each addition of chlorate stir tlje sample 
off the bottom of the dishVv'ith a glass rod. Continue the heat¬ 
ing, addition of chlorate, and stirring until the tungsten (ire has 
changed from a brown color to yellow in case of the dark ores; 
or from a light gray or brown to a very bright yellow in case of 
scheelite ore. Evaporate to dryness; cover; add 50 c.c. con¬ 
centrated HCl; heat ten minutes to dissolve the iron and man- 
gane.se; add 50 c.c. of W'ater and heat fifteen minutes to allow 
the tungstic acid to separate well; cool and mix in some paper 
pulp. Filter through a double filter; wash with one part of 

hydrochloric acid diluted with twenty parts of water. Evap¬ 

orate the filtrate and w'ashings to 5 c.c. and add 75 c.c. of con¬ 
centrated HNO 3 ; heat with the cover on the dish until all red 
fumes are gone and no further spraying occurs; remove the 
cover again and evaporate to 10 c.c.; add 50 c.c. of concen¬ 
trated nitric and evaporate to 10 c.c. again; dilute with 15 c.c. 

of water and mix well. Filter into a 6 oz. beaker; wash with 
a 1 per cent by volume solution of nitric acid, fifteen or twenty 
times. Evaporate the filtrate and washings to 40 c.c. in the 
beaker; boil with a slight excess of pennanganate solution. 
Add just enough ferrous sulphate to clear the excess of the 
hydrated oxide of manganese and boil again five minutes. Add 
50 c.c. of molybdatj; solution to the hot fluid in the beaker and 
finish the analysis as in phosphorus in steel. 

By careful heating and small additions of the chlorate, 
together with further applications of acid, if necessary, many 
dark ores can be so completely decomposed as to attain a clean 
orange color. The more complete the decomposition, the more 
perfect will be the extraction of the phosphorus. The hard 
black ferberites are the slowest to yield and take on the yellow 
color. The decomposition can be done to the best advantage 
at a low digesting heat and will require at least five or six hours. 

This somewhat lengthy method is the only one that the 
author has found reliable, thus far, for technical purposes in 
tungsten ores. The latter may contain all the way from slight 
traces up to 0.500 per cent phosphorus. The fusion method 
w'ith these ores gives just as low results as with the ferro-tungsten. 
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The cause of the low results is the fomintion of phaspho-tungstio 
acid; this is carried from the solution with the main tungstic 
acid that forms when the sodium tungstate is tlecomposcd by 
acidulation and evaponition with aeidj 

Phosphorus in Metallic Tungsten Powder, Tungstic Oxide 
and Tungstic Acid.—Ignite the tungsten iwwder at a red heat 
with frequent stirring until it is all converted to the yellow 
oxide. Then extract exactly as in tungsten ore for at least six 
hours and finish according to the ore method. 

The original oxidation is best aecompli.shed by weighing the 
sample into the dish in which the extraction is to be made and 
then placing dish and all in a mulfle which is at a low red heat. 

Tungstic acid anil oxide do not require heating to redne.ss. 
Their analysis for phosphorus i.s e.xactly like that for ores, begin¬ 
ning with the hydrochloric acid, chlorate tri'atment. 

Reserve the tungsten residues that are filtered out after the 
extractions and evaporations for the tungsten deteniiination. 
The purification of these residues will be described under 
Tungsten in ore, page 102. 

Note. — It may be well in thi.s article to caution those who 
have occasion to detennine the phos|diorus m inolybdemim 
eompounds, that any molyhdic acid separating out of acid 
solutions containing phosphorus will carry a considerabh' amount 
of the latter element out, forming the analogous compound 
phosiiho-molybdic acid. 

Method.— The DetcrmiMilton of Tin iu Metallic Tungsten 
Powder .—Weigh 1 gram of tinely ground sample into a porcelain 
boat of size 2^ inchesXi inch. Spread this material out in as 
thin a layer as possible. Place this boat in th(> quartz tube 
of the same apparatus as is used for the determination of oxygen. 
Let the hydrogen pass at 950° C. or thereabouts for one hour. 
The hydrogen should ])ass through the furnace considerably 
faster than it does for oxygen determination. Turn off the 
current and continue to pass hydrogen until the furnace is 
cooled sufficiently, i.e., below a red heat, so that the hydrogen 
will not explode when the stopper is removed for withdrawal 
of the boat. All the contents of the boat should now have the 
gray color of metallic tungsten. Unless it has this color, it 
should be returned to the furnace and heated further as before. 
When the material is properly reduced, remove it to a small 
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agato mortar; pulverize it, taking care not to lose any of the 
substance. Then tran.sfer the finely ground tungsten' powder 
to a 5-inch casserok;; add 100 c.c. of concentrated hydrochloric 
acid; heat the dish ff)r .‘dx hours in boiling water, with frequent 
small additions of |xjtaslium chlorate. Add about 1 grdhi of 
this salt every hour. Stir the material well off the bottom of 
the dish with each addition of the potassium chlorate. Add 
100 c.c. of water; stir well ; filter; wash with dilute hydrochloric 
acid water; add 10 c.c. of cinchonine solution; dilute to 400 c.c. 
with water; stir thoroughly; let stand overnight; filter from 
any precipitate of tungsten cinchonatiq wash with solution 
containing 5 c.c. of cinchonine solution, diluted with 500 c.c. 
of water; add ammonia to the solution of the sample until the 
iron preci])itate, or other precipitates that may have formed, 
seems to dissolve rather slowly. Heat the perfeihly clear solu¬ 
tion to about 80° C.: pass H 2 S slowly through it until the pre¬ 
cipitate of tin sulphide separates out well. 'Phis will take several 
hours' pa.ssage of the gas. Filter. Wash with H 2 S water. 
It will require about fifty to sixty w.ashings to remove the iron. 
Burn the filter paper aiul sulphides of tin, copper, molybdenum, 
etc., at a red heat in an ojien porcelain crucible until the residue 
is of a grayish white; if copper is present there will be black- 
spots in th(^ ash. If tinged with red, iron is present. In cither 
case warm the ash in the crucible with 10 c.c. of 1.20 nitric acid, 
covering the crucible with a small watch glass during tlu' heating 
period, which shoujd continue until any slight effervescence that 
may occur h.as ceased. If bismuth bo present, it is quite notice¬ 
ably reduced during the removal of the carbon of the filter 
paper. After heating for, at lea.st, ten minutes, and longer if 
necessary, the watch glass is removed, rinsing off its under 
surface and allowing the washings to run into the crucible. 
Iwaporatc the contents of the crucible to dryness and gently 
ignite it until all nitrates are decomposed. Then weigh the 
residue, after igniting it at a red heat for thirty minutes to 
render the tin insoluble. This weight will be that of the oxides 
of Sn, Cu, Mo, Sb, Bi, and a little Fc. To remove the Cu, Fe, and 
Bi warm the ash in the crucible with 10 c.c. of 1 : 1 HCI, heating 
for ten minutes just below boiling; rinse the contents of the 
crucible onto a small filter; wash the same with 1 : 20 HCI and, 
finally, with some water. Ignite the paper in the same crucible 
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again until white (o grayish white at :v low red lieat, Moisten 
with eohe. nitrie aeid and ignite again to oxidize any metal 
•formed. 

To rciunvi' niolyl)demnn extract thi|residue with 5 or 10 c. e. 
of slfrong ammonia. I'se ammonia that is freed from any sedi¬ 
ment or floating particles, or scales of glass. Filter; wash 
paper with ammonia and put it hack again into the same crti- 
cible, and burn the residue at a low heat. 'I’his rc.sidiie will 
now consist of tin oxide plus a little silica. Weigh tlu' residue; 
and remove it to a platinum crucible. Add four to fivi' drops 
strong sulphuric acid, and thmi 10 I'.c. c.p. hydrofluoric acid; 
evaporate a.s in the determination of tungsten. Drive off sul¬ 
phuric acid; weigh the white to grayish white residue as oxide 
of tin. This weight mnlliplicil by 0.7S7I) gives the equivalent 
weight of metallic tin, w'hich is converted to percentage by the 
usual calculations. 

In the presence of much tin amt hicmulh it is more accurate to 
proceed as given in the foregoing mellKsl until the sulphides 
of tin, etc., have been filtered and wa.shed when, instead of 
igniting the same, the mixture of sulphides is iilaeed, filter and 
all, in a porcelain ea.s.serole, covered with i/rllmc ammonium 
sulphide and warmed on a water bath with fre(|uent stirring for 
three hours. The pulp and solution are then filtered and washed 
with water containing It) e.e. of the yellow ammonium sulphide 
diluted with otX) e.e. of water. After thorough washing the 
filtrate and washings arc made slightly acid with HCl and satu¬ 
rated with IDS when all of tin* tin will .scfiarate out; it is then 
filtered out; washed with IlaS water; ignited; treated with 
nitric acid; ignited again and weighed as tin oxide, now free 
of bismuth, all of the latter having been filtered out with the 
paper pulp, as sulphide, after the ammoniuni siiltihide extraction. 

If the amount of tin and bismuth in solution is large, for 
example 100 mgs. of tin and 50 mgs. of bismuth, it is advisable 
to again heat the ])reeipitated sulphide of tin as fiefore with the 
yellow ammonium sulphide, when the tin sulphide should lx* 
free of bismuth. 

The combined filtrates from the two (>xtractions of the tin 
sulphide are made slightly acid and the bismuth therein is pre¬ 
cipitated with H 2 S: w'ashcd with II 2 S water; ignited at a low 
red heat in a porcelain crucible: the oxide of bismuth is heated 
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with a mixture of a little eonc. HNO 3 and cone. HCI until all 
black metallic residue is dissolved; it is then evaporated to 
dryness with an excess of nitric acid; ignited to the yellowish 
Bi 203 ; and weighed as si^h and calculated to metal» by use 
of the factor 0.89655. 

For the separation of as much tin and bi.smuth as mentioned, 
use 140 c.c. of cone, ammonia saturated with H 2 S for each extrac¬ 
tion; and dissolve 1 gram of flowers of sulphur in this amount 
of ammonium sulphide before pouring the latter over the mix¬ 
ture of the sulphides. 
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again until white (o grayish white at :v low red lieat, Moisten 
with eohe. nitrie aeid and ignite again to oxidize any metal 
•formed. 

To rciunvi' niolyl)demnn extract thi|residue with 5 or 10 c. e. 
of slfrong ammonia. I'se ammonia that is freed from any sedi¬ 
ment or floating particles, or scales of glass. Filter; wash 
paper with ammonia and put it hack again into the same crti- 
cible, and burn the residue at a low heat. 'I’his rc.sidiie will 
now consist of tin oxide plus a little silica. Weigh tlu' residue; 
and remove it to a platinum crucible. Add four to fivi' drops 
strong sulphuric acid, and thmi 10 I'.c. c.p. hydrofluoric acid; 
evaporate a.s in the determination of tungsten. Drive off sul¬ 
phuric acid; weigh the white to grayish white residue as oxide 
of tin. This weight mnlliplicil by 0.7S7I) gives the equivalent 
weight of metallic tin, w'hich is converted to percentage by the 
usual calculations. 

In the presence of much tin amt hicmulh it is more accurate to 
proceed as given in the foregoing mellKsl until the sulphides 
of tin, etc., have been filtered and wa.shed when, instead of 
igniting the same, the mixture of sulphides is iilaeed, filter and 
all, in a porcelain ea.s.serole, covered with i/rllmc ammonium 
sulphide and warmed on a water bath with fre(|uent stirring for 
three hours. The pulp and solution are then filtered and washed 
with water containing It) e.e. of the yellow ammonium sulphide 
diluted with otX) e.e. of water. After thorough washing the 
filtrate and washings arc made slightly acid with HCl and satu¬ 
rated with IDS when all of tin* tin will .scfiarate out; it is then 
filtered out; washed with IlaS water; ignited; treated with 
nitric acid; ignited again and weighed as tin oxide, now free 
of bismuth, all of the latter having been filtered out with the 
paper pulp, as sulphide, after the ammoniuni siiltihide extraction. 

If the amount of tin and bismuth in solution is large, for 
example 100 mgs. of tin and 50 mgs. of bismuth, it is advisable 
to again heat the ])reeipitated sulphide of tin as fiefore with the 
yellow ammonium sulphide, when the tin sulphide should lx* 
free of bismuth. 

The combined filtrates from the two (>xtractions of the tin 
sulphide are made slightly acid and the bismuth therein is pre¬ 
cipitated with H 2 S: w'ashcd with II 2 S water; ignited at a low 
red heat in a porcelain crucible: the oxide of bismuth is heated 
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of wheat flour, and secures an absolutely uniform sample. The 
smaller satnple accumulated from the squares is well mixed 
and is in turn spread into a layer of one-eighth inch thickness 
and samphal again in i^u.ares to about 10 grams. The latter 
amount is then ground m an agat(' mortar. 


RESULTS OBTAINED FROM THE TWO METHODS OF SAMPLING 
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After making these tests extending over several months the 
author came to the following conclusions: 

(1) The best grade of porcelain and of hand picked flint 
pebbles must be used. 

(2) The jar must be filled with enough of the sample to pre¬ 
vent the pebbles from rubbing on each other or on the walls of 
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the jar, i.e., a jar calling for a inaxinumi charge of 5 pounds, 
for example, must be used with that amount in it, otherwise 
notable amounts of silica will be gathered ufi during the grind¬ 
ing. On. the other hand practically|no silica is obtained and 
no'appreciable lowering of the tungsten content, was noted 
excejit’ in one instance car 11,till was apparently lowered in 
tungsten content from 72. IS to 71.9.'). 

(3) The pro|)er amount of material to place in a jar of a given 
size in ordia- to .seciiri' pel feet grinding, without adding silica, 
should be determiiual by experiment. 

(4) 'I'he advantages of this ap|)arat.us are that a largi' sample 
can be taken; that perfi'ct grinding and [lerfect imiformity of 
sample are obtained; and that the grinding goes on leaving 
the operator free to attend to other work. 

(.5) The only ilisadvantage is the first, cost., but in a large 
works where many shi|inients must be sampled, the saving of 
labor makes the cost insignificant. 


DeTER.MIN.XTION ok Ti'NOsTKN in Tt'NOSTflN OltK.S 

(2) The Determination of Tungsten in Ores without a F*re- 
liminary Fusion.-- 'I'he writer has .always refii.sed to as.say 
tungsten ores or other tungsten-bearing materials by precipi¬ 
tation as mercurous tiiugstale for the reason that any phos|)horus, 
molybdenum, ,'41111111111111 or vanadium pre.sent would be pre¬ 
cipitated with the tungsten and counted as «uch. Tin also is a 
common constituent of tungsten ores. 'I'he writer has often 
encountered the presence of this elemi'iit in shipments of wolfram¬ 
ite ores from traces up to It) |)cr cent. 'I'he sodium carbonate 
fusion of the ore which is the usual preliminary to the mercurous 
nitrate iirecipitation contaminates the sodium tungHtate with 
sodium stannate. In scheelite ores it is a common thing for the 
phosphorus to lie as high as D.l.'iO per cent and .sometimes as 
much as 0..')00 per cent. Slimes and other low-grade concen¬ 
trates are especially liable to be high in this clement. 'I'he 
writer has had some residues very rich in tungsten running to 
0.400 per cent. Alumina is a freciiient constituent to be guarded 
against. Again, as is well known, it is extremely difficult to 
wash sodium salts out of tungstates precipitated from a solution 
of the former by mercurous nitrate. 
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After some years’ experience in this line of analytical work, 
a method was evolved which is perfectly fair to both buyer and 
seller. It avoids the tedium of the sodium carbonate fusion of 
the main sample and a.!! of the unpleasantness and inherent 
inaccuracies of the mercurous precipitation. After more than 
ten years almost daily use of this method the author again offers 
it in detail as giving the true tungsten. 

Method .—The ore is ground to the finest flour either by hand 
in the agate mortar, or in the laboratory jar mill; after drying 
this powder for two hours at 105° C., one gram of it is weighed 
into a 4J-inch casserole of R. B. type with porcelain handle. 
100 c.c. of cone, hydrochloric are poured on the ore; the dish 
is covered with a watch glass and heat is applied for one hour, 
keeping the acid below boiling; 200 mgs. of crystals of potas¬ 
sium chlorate are now quickly added, covering the casserole 
again. After the first violent action is over, the ore is carefully 
and completely stirred off the bottom of the casserole and the 
mild digesting heat is continued for another hour when the 
same amount of chlorate is again added and the sample is again 
stirred up and so on until about 2 grams of the chlorate have 
been consumed and the ore has been thoroughly decomposed as 
shown by its color having chang(;d to bright yellow, or in some 
ores to an orange shade. Scheelite requires four hours of this 
treatment for decomposition; the dark ores, wolframite and fer- 
berite, turn yellow in six hours. The watch glass is then removed 
and its under side's rinsed off with water, allowing the rinsings to 
run into the casserole, the contents of which are now evaporated 
to dryness on a graphite bath, consisting of a 6-inch pudding 
pan filled a little over half full with chip graphite. Kach unit is 
heated by an ordinary Bunsen burner and requires but very little 
gas, a flame from 1 to I j inches in length being sufficient for all 
kinds of evaporations. The layer of graphite is fro!n threc-(|uarters 
to 1 inch thick. This enameled pan is mounted on a clay flame 
guard or support. If it is desired to raise the temperature of 
the dish to a dull red, the pan can be removed and the flame 
length increased. This combination is acid-proof to a practical 
ejftent; occasionally it becomes necessary to remove the Bunsen 
burner and pour a little 1 : 1 hydrochloric acid through the inlet 
tube to clear it out. After rinsing out the acid with water, it is 
ready for use again. The graphite is indestructible and the whole 
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outfit is quite inexi^ensivc and lasts a long time. Illustration 
No. 44 sh'ows twenty-four of the.se units in u.se and No. 43 give.s 
a closer view of a portion of a group. The outside depth of the 
pan is If inches. . 

After evaporating the decomi)osed ore to dryne.ss, 30 c.c. 
of eonc. hydrochloric acid are poured on it; heat is applied; 
70 c.e. of water are added, followed by thirty minutes further 
warming, and some stirring. The crude tungstic acid and silica 
are filtered through a double 11 cm. ashless filtei. Before per¬ 
forming the filtration, a three-quarter inch ball of ashless filter 
pulp is thoroughly mi.ved with the tungstic acid to hasten filtra¬ 
tion and .secure a perfect washing. The mixture on the filter 
should be washed with great care, giving it not less than sixty 
washings with 1 : 30 hydrochloric acid to insure removal of potas¬ 
sium salts. If the glass rrxl or the casserole shows yellow stains 
of tungstic acid, these can lie removed by pouring over them 
a few drops of cone, ammonia. This solution is then rinsed 
with a thin jet of water into the filtrate and washings from 
whence it is recovered along with any metatungstates as fol¬ 
lows: .50 c.c. of cinchonine, solution are stirred into the filtrate 
and washings which are then allowed to stand for from 6 to 12 
hours to pennit the last traces of the tungsten to separate out. 
It may be of intemst, in passing, to state that when determining 
sulphur in tungsten-bearing materials of any kind by the barium 
sulphate method, the author always first removes the last traces 
of tungsten that are almost certain to be present by means of 
12 hour.“’ standing with cinchonine added. It is easily seen 
that a few milligrams of tungstu! acid contaminating the barium 
sulphate would cause a serious error. Cinchonine used for such 
work must be first washed free of sulphates before using it. 
This can be easily done by placing the crystals on a large filter 
paper and rinsing them with distilled water until the washings 
no longfer give a cloudiness with barium chloride. Any tungsten- 
cinchonine precipitate must be wa.shed with water containing 
some cinchonine solution as the precipitate is soluble, or runs 
through the filter if washed in the same manner as the tungstic 
acid. 

The filter papers carrying the tungstic acid and that obtained 
by the cinchonine are dried in an air bath and then smoked off 
in a 20 c.c. platinum crucible. The heat is then raised to low 



102 


ANALYSIS OF TUNGSTEN ORBS 


rednnss only, and the heating is continued until the residue is 
yellow and free of carbon. This ash is cooled in a desiccator 
and weighed as WO3 plus some Fe 203 , AI2O3, Sn 02 , Mn 304 , 
CaO, Ta 205 , Nb 205 , CuO, and all of the Si 02 . For 

extreme accuracy in silica, the filtrate and washings frortV the 
tungstic acid should be evaporated again to dryness before adding 
the cinchonine; the residue di.ssolved as before in hydrochloric 
acid and water; any small insoluble residue of WO3 plus S 1 O 2 so 
obtained is filtered out; washed; burned with the principal 
precipitate and then the cinchonine solution is added to this 
final filtrate and washings to get the final traces of dissolved 
metatungstates. 

The weighed residue consisting of total Wih plus Si 02 plus the 
other oxides mentioned is now cvaporiited with from five to ten 
drops of cone, sulphuric aedd tog<dher with 1 .') c.c. of c.p. hydro¬ 
fluoric a(dd in a muffle furnace lined with \ inch asbestos board 
to prevent bits of l)rick from dropping in the work. The writer 
uses for these evaporations a small revt'rberatory furnace. 'I'hc 
gas flame is not allowed to conu! above: the bridge wall. By 
heating in this manner there is never any danger of loss of 
analyses by spattering. (Sec page 4;?8.) 

The crucible is left in this drying furnace until the heavy 
white fumes of sulphuric anhydride are no longer given off. 
The crucible is raised to a dull red heat on a Chaddock burner 
and then cooled in a dc'siccator and weighed again. The dif¬ 
ference between this weight and the weight of the WO3, etc., 
should equal the silica present in the ore. But if the per cent 
so found should exceed 8 i)cr cent 8 i 02 , then it is safer to repeat 
this evaporation to insure the complete removal of the silica. 
The author has found that this second evaporation, with addi¬ 
tional sulphuric and hydrofluoric acids, should in no case be 
omitted when the silica content reaches from 30 to 60 per cent as 
it often does in unconcentrated ores and slimes. Titanic oxide 
is frequently present with the WOs, etc., and for this reason 
the sulphuric acid should always be added in at least the quan¬ 
tity specified to prevent its volatilization as fluoride. 

After weighing the now silica-free WO3, etc., it is fused at a 
bright red heat with twenty times its weight of anhydrous sodium 
carbonate. It is kept molten for twenty minutes. The melt is 
dissolved in hot water in a 100 c.c. platinum dish, or if no plati- 
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num is available, then the fusion can he leached in a porcelain 
vessel; do not boil, hut warm gently, as otherwise the porcelain 
"will be attacked and the accuracy of the analysis will be im¬ 
paired. I 

ff the water solution of the sodium carbonate fusion of the" 
silica-free WO3 has a greenish tint due to the formation of sodium 
manganate, a few drops of alcohol are added and the solution is 
warmed until this color disappears, the matiganese completely 
precipitating as hydrated oxide. A little pafM'r pulp is added; 
the various oxides are liltenal out; washed repeatedly to entirely 
remove the sodium salts; ignited at a red heat to remove the 
carbon. If the residue in the crucible .sinters on ignition it is 
imperfectly washed and contains sodium salts, and a repetition 
of the fusion, .solution and washing is necessary. It is safer 
to fuse the ignited oxides again in any case if their total weight 
exceeds 4 or mgs., as part of this weight is almost certain to 
bo W() 3 . After the second fusion, solution, washing, and ignition, 
the oxides are weighed and their amount is deducted from the 
weight of W():i obtained after expi'lling the silica. The remain¬ 
der represents th(> total WO.) plus any ahnninum, tin, bismuth, 
molybdenum, copper, tantalum, and niobium th.at may have 
gone into solution as .sodium compounds. To correct for all but 
the molybdenum and coppi-r, the two sets of filtrates obtained 
from the two fusions of the total oxides of VVO3, etc. (silica-free), 
with 20 grams of sodium carbonate, arc made just acid with HCl; 
then just ammoniacal; add 10 c.c. cxces.s»of NH 4 OH; heat 
to boiling; remove from lire. Add IKll (1 ; 1) until solution 
is just faintly alkaline. .\ny Al, Ta, Nb, Sn that have gone 
into the solution in combination with the sodium carbonate and 
would be otherwi.se counti'd as WOa will now be precipitated. 
Filter off the flocculent precipitate if any (and there nearly 
always is some); wash same eighty limes with H 2 O plus NH 4 l^ 03 ; 
combine this filter with the doubly fused water in.soluble, ignited 
oxides of iron, etc., already mentioned, that should be hdd for 
this purpose; burn all in a platinum crucible at the lowest heat 
to a constant weight; heat to a fairly bright red toward the 
end; deduct the weight from that of the crude WO 3 , af^r th4* 
silica has been removed from it in the manner already desffia^pl. 
This weight will constitute the total pure WO 3 excegvSIat 
carried down by the NH 4 OH precipitate just described. ’ % 
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To obtain this tungsten, fuse this precipitate of Al, Ta, Nb, 
Sn, after weighing it, with Na 2 C 03 in the platinum crucible; 
leach out the fusion with water; make it acid with some excess 
of HCl; heat if necessaifv; add cinchonine to the clear, or per¬ 
haps slightly clouded solution; any tungsten in the solution will 
separate out in a few hours. Filter; wash with cinchonine wash; 
ignite and weigh it and add the weight of it to the pure tungsten 
content already found obtaining weight A. 

A further correction must be applied to the tungstic acid 
content A for any Mo or (lu that have gone into the solution of 
the leached carbonate fusion. To make this correction, the 
ammoniacal filtrate from the Al, Ta, Nb, and Sn, etc., is treated 
with 4 grams of tartaric acid to hold back the WO3. It is then 
made faintly acid with HCl and saturated with H 2 S for one 
hour; filter off any sulphides that are found hero; wash sixty 
times with H 2 S wash, containing two or three drops of HCl; 
burn at the lowest possible heat that will remove the paper, in 
a weighed porcelain crucible. Weigh the ash; extract it with 
HCl (1 : 1) for one hour; filter; wash with HCl wash (1 : 20); 
burn the insoluble in the same crucible; weigh the ash and the 
difference in weight between the? first ash and the second ash 
equals the Mo or Cu content that has been counted as tungsten; 
subtract this weight from the total pure tungsten content just 
previously noted (A). This final corrected weight should now 
constitute the total tungsten, free from all impurities and be 
calculated to percentage content of the ore. 

However, there is still a further chance for error. The 
sodium carbonate used may contain enough iron to increase the 
deduction made when the WO3, etc., is fused twice to correct 
for any iron remaining in it after the removal of the silica with 
HF. Therefore blanks for iron should be run on the carbonate 
and the final WO3 should have an additive correction made to 
it equal to the amount of the Fe 203 found in as much of the same 
sodium carbonate as was used in the last two fusions. This 
correction will frequently increase the WO3 content in the final 
weight to the extent of 0.2 to 0.3 per cent content of WO3. 
In a 30-ton lot of ore this means considerable in money value. 

TTiis method is applicable to ferberite, wolframite, huebnerite, 
Seheelite, cupro-scheelite, lead-tungsten ores, arsenical-tungsten 
ores and tin-tungsten ores. Such ores are on the market and 
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have been for many years that are liable to contain these impur¬ 
ities. The latter all more or less seriously affect the detennination 
•of the total exact WOs. The impurities are present in the 
following percentage ranges based on the analysis of ores from 
all pftrts of the world; China, .Japan, iSouth America, Australia, 
Spain, flic I’nited States, and Mexico. 

The following .shows about the percentage range of these im¬ 
purities: 

Arsenic from traces to 3 5 per cent 

Lead from traces to 8 0 pi'f rent oxide 

Tin from traces to 1.5 0 per cent oxide 

Coppi'r from traces to 31 t per cent oxide 

Bismuth from traces to 2 0 

Phosphorus from traces to I) 5 

The Determination of Lead, Arsenic, Bismuth, Copper, 
Anti.monv, 'I'antai.u.m with Niodium, Molybdenum, and 
Sulphur in Tungsten Ores 

Lead.—Digest 2 grams of the finely ground ore in a 500 n.c. 
cone flask with a mixture of .30 c.o. cone, nitric acid and 70 c.c. 
cone, hydrochlorio acid, for several hours on a graphite bath 
(see page 100) until the ore is yellow or greenish yellow and all 
brown fumes are gone, adding more of the mixed acid.s if ncces- 
.sary. 

When no further increase in the yellow ei^or can be detected, 
the contents of the digesting flask are diluted with a mixture 
of two parts of cone. IICI and one part of H 2 O. This strength 
of acid is used to prevent the precipitation of some of the 
lead, along with the tungstic acid in the form of chloride. The 
oxides of tungsten, silicon, etc., are filtered out and washed on 
the filter with one part of cone. HCl diluted with twenty parts 
of water. Give the residue on the filter about fifty washings. 

Add to the filtrate and washings a slight excess of ammonia; 
then acetic acid in excess or about 80 c.c. of the glacial acetic 
acid in all. Pass H 2 S through the hot acetic solution until any 
precipitate that may form is collected and settles well, when the 
H 2 S is shut off. Filter off the sulphides, which will contain all 
of the lead, copper, and bismuth, some of the tin and considerable 
iron sulphide. Wash the mixed sulphides with HsS water con- 
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taining two drops of cone. HCl in 500 c.c. of water, using a cold 
wash. 

Burn the thorouglily waslied irrcdpitaO? in a porcelain crucible 
by smoking off, raising the heat to low redness only aflei tlu^ 
paper is entir<dy eharreir; moisten tlu; ash when all of*-the 
char has beem buriu'd out with a few drops of cone, nitric acid 
to dissolve any metallic globukis or fine gray particles of metallic 
lead or bismuth that may have been reducial from the burning 
of the filter paper. Dry (aiutiously to remove the excess of acid 
and then again ignite at the lowest red heat. Put the crucible 
and all in a caasorole with 100 c.c. of cone. IICl; heat until 
all is dissolved but a little silica from the paper or tin 
oxide. 

Remove the crucible; rinse off the side of the crucible, letting 
the washings run into the .solution from which it was taken. 
Add to this H(d solution .50 c.c. of 1 : 3 II^SOi and evaporate 
to thick white fumes of sulphuric anhydride; cool; add 100 c.c. 
of water; heat until all but the load .sulphate is dis.solved; add 
50 c.c. more of the 1 : 3 IDSOi and again t.ake to thick fumes; 
cool; add 1,50 c.c. of water; heat as before until all but the load 
sulphate is in solution; then add 50 c.c. of 9,5 per c(‘nt alcohol 
and let the lead sulphate settle overnight. Filter off the crude 
lead sulphate; wash it with cold water containing 5 c.c. of cone. 
H 2 SO 4 per 500 c.c., giving it about forty washings. 

The filtnatc from the crude lead sulphate is made slightly 
ammoniacal and thifii slightly acid with HCl and .saturated hot 
witih H 2 H to precipitate the main Cu and bismuth. The bismuth 
and copper sulphides are thoroughly washed with H 2 S water; 
dried in a porcelain crucible; the paper is smoked off; the heat 
is then raised to low red to remove all of the carbon of the filter 
paper; the ash in the crucible, which shoukl be yellowish white, 
especially when hot, is mainly Bi 20 ,), and .some metallic bismuth. 
It is evaporated several times to dryness with a few drops of nitric 
acid to convert all of the bismuth to o.xidc. This oxide will 
be blackened if consideiable copper is in the ore or metal. If 
much bismuth and copper are present some of these elements will 
cling to the crude lead sulphate obtained in the maimer just de¬ 
scribed under Lead. The lead sulphate is purified from any 
Bi or Cu still with it by dissolving it in 100 c.c. of cone. HCl. 
To this solution 50 c.c. of 1 : 3 sulphuric acid are added and all is 
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evaporated to tliiok while fuiiios of sulplimie anhydride; cool; 
add 50 c.e. of water and 50 e.e, more of the dilute sulpliuric arid 
and again take to thick fumes; heat with water until all hut 
the lead sulphate is dissolved; add alool^)l; let stand overnight. 
The Irtid sulphate is filtered out; washed with sulphiirie acid 
water; sinoked off in a porcelain criieihle; heated at a low red 
until the residue is white; it is evaporated with a few' drops of 
nitric acid to convert any metallic lead to oxidi'. The sulphate 
anil oxide mixture is eva])oraled with a few drops of cone, sul¬ 
phuric acid to convert the oxidi' to suliihate. The now pure 
lead sulphate is weighed and calculated to metallic lead by the 
factor 0.0832 if obtained from metallic tungsten. If obtained 
from ore it can be calculated 0) oxide by multiplying the 
sulphate obtained by the factor 0.7300. 

The filtrate and washings from the jnire lead sulphate contain 
the remainder of the copper and bismuth. This filtrate is made 
slightly amiiioniacal and then slightly acetic. The cop|rer and 
bismuth, if there be any in this filtrate, are then recovered by 
H 2 S, as in the main copper and bismuth; filtered out; washed; 
ignited; and combined with the main copper and bismuth obtained 
as already described. The total copper and bismuth can be 
weighed as oxides; dissolved in HCl. The copixir can then lie 
determined by the cyanide titration; calculated to copper mon¬ 
oxide and deducted from the weight of the total oxides of copper 
and bismuth. The remainder is calculated to per cent as BiaOs 
in the case of ore, or in the case of metal to inttallic bismuth by 
the factor 0.89f55. 


ANALYSE,S OK SOME ORES SlfOWINC RANOE OF AILSENIC, 
COPPER, LEAD, AND ISfS.MUTlI THAT ARE LIABLE TO 


BE ENCOUNTERE: 

D IN T 

l;N( 

iS'l' 

ION 

OR] 

lOS 






Tungsten oxido . 

M 21) 

l>l> 

so 

.54 

1 

!X) ' 

ni 

05 i 

00 

00 

,50 

00 

SiO. 

10 SO i 

7 

.59 

' 1, 

18 

2 

i\H ■ 

4 

00 

7, 

,00 

SnOi 

1 02 

0 

01 

2 

20 ' 

0 

20 1 

1 

40 

18 

66 

BijO, 

1 38 

0 

11) 

3 

.5.5 

0 

20 

5 

28 

0 

,35 

CuO 

0 70 

1 

70 

0 

30 



0 

00 



PbO . 

4 HO 

<» 

01 

11 

49 i 



0 

03 

0 

007 

As. 


0 

04 

1 

02 

3 

49 

0 

.51 

0 

67 

Mn. 


0 

01 

i ^ 

38 

0 

i 

78 

i 7 

69 

1 

,77 






108 


ANALYSIS OF TUNGSTEN ORES 


RESULTS OBTAINED ON KNOWN MIXTURFii 


Lead Added to a Tungsten Ore j 
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Arsenic in Tungsten Ores and Metals.—The following rather 
tedious method is the only one that the author can recommend 
to obtain the told arsenic in tungsten ores Results by any 
form of distillation method were not at all satisfactory. The 
weighing of the arsenic as phosphate the writer has found to 
be full of sources of error, the tendency being at all times to 
get results that are too low. The distillation method also gave 
low results. The writer bases his method on Bunsen’s scheme 
of weighing the pentasulphide of arsenic. He has found the 
following method adapted to all arsenic determinations from 
traces to the highest percentages, using it to determine the 
arsenic content of mispickel, for example. 

It should be stated that only certain kinds of asbestos can 
be used for the weighing pad, as some kinds seem to lose weight 
indefinitely, no matter how much they are wa.shed. The analyses 
given on page 110 show the kind of asbestos that can be de[)cnded 
upon to give conttant, i.e., undiminishing weight after it has 
been once thoroughly washed. The other type keeps dissolving 
away indefinitely. 


Arsenic 

Five grams of the pulverized ore or metal are extracted in 
a 300 c.c. casserole with a mixture of 100 c.c. of cone, nitric acid 
and 100 c.c. of cone, hydrochloric acid. The digestion is con¬ 
tinued until the sample is yellow to greenish yellow. This 
extraction should continue for several hours. Then evaporate 
low; add 100 c.c. of cone. HCl and take low again but not to 
dryness. During the evaporations add a few crystals of potas¬ 
sium or sodiun chlorate at intervals of every half hour. Then 
remove entirely the excess of chlorate and chlorine by taking 
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low once more with 100 c.c. of HCI. Filter out the tungsten 
and silica and wash the same with dilute Hdl vvjish water. Add 
100 c.c. of HCI to the filtrate and wa.shings and again evapo¬ 
rate^ low to insure that all of theffree chlorine is perfectly 
removed. If the concentrated solution is not perfectly clear 
on diluting it with water it should be filtered and the filtrate 
and washings must be evaporated to about 10 or 15 c.c. Now 
add 100 c.c. of HCI and enough wat(!r so that the solution 
contains two parts of cone. HCI to one part of water. The beaker 
containing this 2 ; 1 acid solution is then placed in cold water 
until cold. This strong acid and cold .solution is to insure the 
precipitation of the arsenic as the pentasulphide. The strong 
acid will also prevent the co-precipitation of any bi.smuth, lead, 
tin, and molybdenum that may be present in small amounts. 
Pa&s H 2 S through this solution for three hours, 'riien let it stand 
overnight to insure the complete iirecipitation of the arsenic. 
This long standing is very necessary, esinicially if the per cent 
of arsenic is verv low. The mixture of arsenic pentasulphide, 
sulphur, and copper sul|)hide (if any be present) are filtered out 
and washed with one part of cone. HCI diluted with twenty parts 
of water, saturated with H 2 S. This will require fifty washings, 
at least. Then wash with cold water to remove the acid. Put 
filter and all in a 100 c.c. beaker and beat it to a fine pulp with 
a glass rod. Then add to this piil|) a mixture of twenty parts of 
hydrogen [xa-oxide solution and twenty parts of cone, ammonia; 
stir well and let .stand overnight; filter (Jht the pulp, which 
should be now no longer colored yellow with arsenic sulphide; 
wash the pulp with water; neutralize the filtrate and washings 
with HCI, and then add to the neutralized filtrate twice its volume 
of cone. HCI and pass H 2 S through this strongly acid solution 
until the arsenic separates out as the pentasulphide, which will 
now. be free from sulphur. Ix‘t stand overnight again, as the 
pentiisulphide separates very slowly in the strongly acid solution. 
The arsenic sulphide is now filtered on a washed, dried, and 
weighed long-fiber felt filter, using a porcelain Gooch crucible. 
This filter is dried and weighed at 100° to 104° C. to a constant 
weight. It is important to test the dried and weighed felt by 
pouring through it some 2 : 1 HCI. Wash out the acid with water; 
dry and weigh the crucible again at 105° C. The system should 
h^ve the same weight as before within a half milligram. Some 
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asbestos is worthless for this purpose, as it loses weight indefinitely, 
no matter how much it is washed before it is used for a weighing 
pad. The following analyse.s were made in this laboratory, on^ 
being of a long-fiber w;i\'hed asbestos that was satisfactory and 
the other one was from an asbestos that continually lost weight, 
no matter how much it was boiled with aqua regia (twenty-four 
hours). 


i 

Asbfflloy U K fijr 
VVcucliiiiK PuiIb 1 

Wa-jlicd 1 

IVi ('.'III 1 

AsIx'Htos tliat ('ontinually 

1 |yo«t Weiglit wiieii 

1 WhrIjcJ with .\ci(l 

1 I'cr Cent 

Silica 

.'■>7 .'■>!) 

4(1 08 

Iron oxide 

2 77 

3 C4 

Alumina 

0 .59 

0 75 

Lime ... 

13 89 

None 

Magnesia .. i 

23 29 

41 11 

Ignition 

0 84 

14 22 


Blanks should be run on the entire operations and the ansenic 
found, if any, deducted. A good way, and indeed the best way, to 
run a blank is to add to a tungsten ore that contains but a small 
per cent of arsenic (less than 0.0,') per cent As) a larger known 
amount of arsenic, cither as metallic arsenic or the natural sul¬ 
phide, mispickel, is an (ixcellent source of arsenic. The complete 
analysis of the iiMieral (get a pure sample from a firm that has a 
reputation for making a specialty of pure mineral specimens) can 
be made as a check on the arsenic determination that one makes 
by the foregoing method. The following is the analysis of a 
sample that the author used: 


Arsenic. 45.25 per cent 

Sulphur . 20.00 per cent 

Iron. 35.00 per cent 


A weighed amount of this mispickel can be added to the ore 
to be analyzed and then put through all of the operations. 

From the arsenic found, deduct the arsenic found by the same 
method in the same sample to which no arsenic has been added. 
Now if there be more arsenic found than was added to the ore, 
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even after making the deduotion just mentioned, then this exeess, 
if any, will constitute the tine blank to b(! deducted from all of 
the arsenic determinations made at that lime and with the 
same lot of actds or other chemicals. f 

If’much cojiper or molybdenum or both are present in the 
ore, then the AS 2 S 5 precipitate instead of being of a pure lemon 
yellow will be a dirty yellow or brownish, or blackish. In such 
event the arsenic .sul|)hidc, etc., should be again dis.solved in 
the mixture of hydrogen peroxide and ammonium (cone.) neu¬ 
tralized, the excess of IIC'l added and the arsenic again pre¬ 
cipitated with II^S, saturating the solution in the cold for several 
hours and so on until the precipitate is obtained of a clear yellow 
color, when it will be fit to weigh as the pure |x;iita.sulphide of 
arsenic. If several per cents of copper or molylKlenum or both 
are jiresent, a much better way to get a pure yellow arsenic 
pcntasulphidc is to take the filtrate and washings from the last 
traces of the tungsten after all of the chlorine has all been removed 
as already described, and iirecipitato it with ammonia. There 
is generally enough iron pre.scnt to carry out all of the arsenic 
and antimony. This precipitate, which should be red and 
contain fifteen to twirnty times as much iron |)re.sent as the total 
amount of ai’senic and antimony |ire.sent in the sample being 
tested, is dis.solved off the filter with hot 1 : 1 IICl; the filter 
thoroughly washed. The solution and washings will contain 
all of the arsenic and antimony. It is evaporated to a definite 
volume; twice this volume of cone. IICl ii# added; the cold 
solution is .saturated with II 2 S; allowed to stand overnight when 
the ai-scnic penta-siilphide is ready to be filtered off; washed 
with 1 : 1 HCl; then free of acid with cold water; filter and all 
beaten to a pulp; this mixture of [laper jiulp, free sulphur, and 
arsenic pcntasulphidc is treated with a mixture of twenty parts 
of hydrogen peroxide and twenty parts of cone, ammonia; stirred 
well. Filter out the pulp, which should be no longer colored 
yellow with arsenic pentasulphide; wash the pulp thoroughly; 
finish the filtrate and washings for arsenic as already described 
from this point on, weighing the arsenic as AS 2 S 5 which contains 
48.326 per cent of As. 
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Molybdenum, Iron, Manganese, Lime and Magnesia 
IN Tungsten Ores 

The molybdenum is determined by fusion in the same raatmer 
as described for Mo in metallic tungsten on page 78. 

Iron.—The iron will be mainly in the two filtrates obtained 
from the two evaporations to dryness to obtain the crude WO.i, 
etc. The remainder will be with the crude WO3, etc. The latter, 
as has already been described, after being freed from silica (see 
page 72) is fused at a bright red with twenty times its weight 
of anhydrous sodium carbonate; dissolved in water; filtered out; 
washed; weighed; and fused, etc., again. The final double fused 
and weighed ash of iron, etc., will contain all of the iron, lime, 
magnesia, and manganese that escaped decomposition during 
the extractions with HCl and chlorate. This is then brushed 
out into a beaker; the crucible cleaned by warming in it some 
HCl; the re.sidue in the beaker is dissolveit also with HCl. The 
cleanings and the solution in the beaker are combined and 
evaporated low; and filtered into the two main filtrates from the 
two evaporations to dryness to obtain the first crude WO3. 
The whole combination will now contain the entire iron, man¬ 
ganese, lime, and magnesia, and perhaps a milligram or two of 
tungsten in solution. 

A double basic acetate precipitation can now be made as 
described on pages G44- 245. The iron obtained from the second 
basic acetate precipitation will be free of manganese, lime, and 
magnesia; it can be ignited; dissolved in cone, HCl; evap¬ 
orated low; water added; heated; filtered; evaporated to 
fumes with 30 c.c. of I : 3 H 2 SO 4 ; taken up with water and 10 c.c. 
more of sulphuric acid and finished for iron by passing it through 
the reductor, in the manner described on page 366. 

Manganese, Lime, and Magnesia.—The combined filtrates 
from the two basic acetate precipitations of the iron are evap¬ 
orated low. Do not add any acid during this evaporation. 
If any small amount of red flakes separate out or the solution 
is yellowish, a little iron has gone into solution with the man¬ 
ganese, etc. Add a faint excess of ammonia. Do not heat, 
but filter out the small precipitate of iron; wash it thoroughly 
with water; dissolve it in a little HCl; wash the filter 
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thoroughly; make a small basic separation of the iron; filter it 
out; wash it with acetate water; combine the filtrate and wash¬ 
ings with that obtained when the small amount of iron hydroxide 
gotten with ammonia as just (k'scribcpl was filtered out and 
washed. This total of filtrates will contain all of the man¬ 
ganese, lime, and magnesia, and can bo analyzed in the usual 
way for the.se elements, as described on page (it), beginning at 
the place where the statement is made concerning ba.sic slag 
that “The combined filtrates from the Iw’o basic acetate si'parationa 
contain all the (la. Mg, and Mn in the slag,” under the heading, 
" Oxidt'n of Mn, Mg, and Ca.” 

The small amount of iron that may be found on evaporating 
the main basic acetate filtrates and washings to dryness should 
be added to the main iron just before evaporating it to fumes 
of S(bi. 

Tin in Tungsten Ores.- This element is determined in the 
same way as described for tin in metallic tungsten powder. (See 
pages 93 and 94.) 

Sulphur.—Sulpliur can be determined by the same methods 
as gii’cii for metallic tungsten powder or ferro-tungsten. (See 
pages 7b and 77.) 



CHAPTER IV 


Part III 

TUNGSTEN, SULPHUR, SILICON, MANGANESE AND PHOSPHORUS 
IN TUNGSTEN STEEL AND CHROME TUNGSTEN STEEL 

First Method for Tungsten in Steel.—If the sample contains 
considerable chromium and tungsten, pro<!('('d as follow.s: Weigh 
from Ij to 2 grams of drillings (see pages 130-131) into 
a No. 5 pon^elain evaporating dish. Add slowly to the drill¬ 
ings, keeping the dish covered with a watch glass, a mixture 
of 30 c.c. cone, hydrochloric acid (1.20 sp. gr.) and 30 c.c. cone, 
nitric acid. Mix the two acids thoroughly before applying 
them to the steel if phosphorus is wanted. Heat until action 
ceases, and if the residue in the bottom of the dish is not bright 
yellow, repeat the addition of acid and continue to heat the dish 
until the tungsten residue is a clean yellow. Then remove the 
cover and evaporate the contents of the No. 5 dish to 15 c.c. 
Keep the heat low enough to prevent spattering. Do the evap¬ 
orating on a graphite or sand bath. A G-iiuK * pudding pan 
fillerl two-thirds full of graphite heated by an ordinary Bunsen 
burner makes simple contrivance for the evaporations. The 
pan can be set on a tripod or an (“arthenware flame guard with 
the burner directly under the center of the pan. With such an 
arrangement, a flame an inch long will birnish sufficient heat. 
The guard answers the twofold purpose of supporting the pan 
and shielding the flame from currents of air. The earthenware 
has the additional advantage of being acid-proof. Add .50 c.c. 
cone, nitric acid. Put the watch glass on the dish and heat 
until action ceases. Remove the cover and evaporate to 15 c.c. 
Again add 50 c.c. cone, nitric acid and evaporate to hard dryness. 
Ignite the dish and its contents to a dull red, raising the heat 
slowly to prevent cracking. Set the dish over a bare flame for 
this purpose. The terra cotta flame guard, with the pan removed, 
answers quite well for a support during the ignition. Lower 
See photo 43, page 488. 
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the flame slowly and set the dish on a warm place, cooling it 
gradually. * 

When the dish is just warm, pour into it oO c.e. of cone, 
hydrochloric acid. Put the cover on ;fid heat to slow boiling. 
Continue to boil until the residue in the bottom of the di.sh 
is bright yellow. Then reinovi' the hd and evaporate to b'l c.e. 
Cool, and add 30 c.e. disl.ilh'd water and ashless paper pulp. 
Filter on a double 11 cm. ashle.ss filter (a double filler will run 
faster than a single one); wash with I : 20 hydrochloric acid 
until the washings givi* no test for iron with potassium or aiimio- 
niiim siilphocyanate. Return tin' filtrate and washings to the 
No. 5 dish for e(meentration. 

Silicon. - Roast thi' pajier out of thi' residue of timgslic and 
silicic acids ill a wcighisl 20 c.c. pl.ilmum crucible. Do not heat 
tungstic acid to a bright red, as if slowly sublimes at high tempera¬ 
ture. When the a.sh is bright yellow, free from black, cool in a 
desiccator and weigh. This weight will ismsist of mainly tungstic 
acid and silica eontaniinaled with a sm.all (|uanlity of oxides 
of iron, and chromium, also, if the latter elemimf be present. 
Add Ihree drops of 1 : 3 sulphuric acid to the residue, and fill 
the crucible two-thirds full with c |). hydrofluoric acid. Fvap- 
orate in a good draught fo moisi, dryness. Drive off the sul¬ 
phuric acid by heating the crucible near lh(‘ top. When all heavy 
fumes arc gone, heat, to low red and weigh as WOii-bl'e^Oa 
+ ('r.)();j. The dilTercnce between this weight and the first 
weight is the silica which has beim volalihUed. This loss of 
weight miiltiiilied by It).03 and divided by the weight of .sainjile 
ttiken, eipials the per cent silicon present in the steel. In the 
meantime the filtrate and washings from the first filtration should 
be evaporating until a slight ring of basic iron forms on the dish 
around the margin of the fluid. This ring dis,solves rather 
slowly when the dish is rockeil backwards and forwards. In 
other words, leave only enough acid to keep the iron in solution. 
(However, care must be taken not to overdo the removal of 
the excess of acid, as basic iron may separate in the solution 
when it is heated for the preci|)itation of phosphorus.) Add 
20 c.c. of water; filter through a 0 cm. ashless filter into a 150 c.c. 
beaker. Wash the residue on the filter until all yellow color 

*It ia much better to iMuforin this ignition at a dull red heat, in an elec¬ 
tric muffle. This prevents cracking of dishes and m.sures even heating. 
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due to Qhloridn of iron is gone. About fifteen washings should 
suffice. Wu.sh every other time with 1 : 20 hydrochloric acid. 
If the volume of the filtrate and washings is over 50 c.c. reduce 
to that amount by eva',)oration. The filter at this point may 
be tinged slightly yellow with tungstic acid. It should be' saved 
in that case and burned off with the main tungsten residue. 
The filtrate and washings, especially in very low percentages, 
i.e., when only a few tenths of a per cent of tungsten are present, 
are liable to contain tungsten in solution even after all of the 
foregoing operations. To guard against this it is safer to divide 
this filtrate and washings into two etjual parts. Mnish one part 
for phosphorus, multiplying the result by tw'o before calculating 
to percimtage. The other half of the filtrab' and washings can be 
treated with cinchonine solution to make sure of getting all of the 
tungsten. T'his part should be allowerl to stand .several hours to 
permit any tungsten present to separate out. It is then filtered 
out; washed with cinchoniiK; wash, 9 per cent (5 c.c. of cinchonine 
solution in 5tX) c.c. of water), ignited and weighed and twice its 
weight added to the main tungsten oxide weight before cal¬ 
culating it to percentage of metallic tungsten. For tlie deter¬ 
mination of tungsten in the presence of molybdenum (see pages 
156-158.) 

Phosphorus.— The other half of the divided filtrate is finished 
for phosphorus by evaporating it to 15 c.c. with 50 c.c. of cone, 
nitric acid. Do this twice. Finish for phosphorus as in vanadium 
steels. See pagesf 41-44. 

Tungsten. The total residue in the crucible remaining after 
the removal of the silicon with HF and a few drops of H 2 SO 4 
ignition and weighing, constitutes the tungsten oxide plus small 
quantities of iron and chromium oxides is weighed again. If 
the original tungstic acid was thoroughly clean and yellow before 
the first evaporation to 15 c.c., then the amount of chromium 
oxide is negligible. 

The W 03 -|-h’e 203 +Cr 203 residue is fu.sed with 5 grams of 
carbonate of soda. The melt is dissolved with hot water. The 
small residue of iron is filtered out and washed free of carbonate. 
It is burned to a red flake in the same crucible, which mean¬ 
while has been thoroughly rinsed free of carbonate with dis¬ 
tilled water. The residue is weighed and its weight deducted 
from the weight of the W 03 +Fe 203 +Cr 203 . 
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If the filtrato from the carhonatc fusion is f|uito yellow, make 
it acid with sulphuric acid, hod with a shuhti excess of i«Tman- 
ganate, and delcninne the chromium as m stei'ls.* Calculate 
the milligrams of chromium found to chromic oxide, and deduct 
it from the Wltrl Cio():i. 'Pile remainder is the tungsten oxide, 
which liililtiphcd hy 70 .'11 .ind divided by the weight taken for 
analysis gives th<' iiercenlage of tungsten If the filtrate from the 
Rodium carbonate fusion is only slightly yellow, the chromium 
may bo ignored m the calculations, 

(A) A good way to remove oxides of silicon, iron f and 
chromium from the tungstic oxide is to fuse with grams of 
potassium bisuliihate. 'Plus fusion can be made quickly. Heat 
the crucible at first to a very low heat., below redness, until the 
bi.siilphate is molten and slight fumes of sulphuric anhydride 
appear. Then raise the heat carefully to low rediK'ss, Keep 
the lid on the crucible, raising it only slightly to observi' the 
progre,s,s of tin' fii.sion. When redness has been reached and 
all danger of spattering is over, raise the hd, and if the contents 
of the crucible ai‘e in a stale of lrans))ari'nl. fusion, with no yellow 
specks left uiidissolvi'd, the fusion is completed. One can see 
the bottom of the crucible Ihroiigh the transparent molten mass, 
and, if only ])ure white flakes of silicic acid are floating about, 
the melt is perfect,, (look Oissolvi' in 10 grams of ammonium 
carbonate and lOf) c.c. of water, placing the crucible in the 
ammonium carbonate .solution conlaiiKMl in a small casserole. 
Warm the casserole slightly to hasten mutter^. Kee|) it covered 
with a w'atch glass to prevent loss diiniig heafing. (Pksc a 
casserole if a platinum dish cannot b(' had.) Filter, adding a 
little paper pulp. Wash wdth water containing ammonium 
carbonate until the washings are no longer milky when acidu¬ 
lated with a few drops of hydrochloric acid and tested with 
barium chloride. Then wash ten times more. Ignite and 
weigh in the same crucible, and deduct the residue, which con¬ 
sists of all of the SiO^, CivOa, and I'e 203 , from the WO,-!, etc., 
and calculate to percentage. The residue of Si() 2 , if not pure 
white, is evaporated with hydrofluoric and sulphuric acid in 
the usual way, and the loss of weight constitutes the silicon 

* Or determine the chromium by color, ii.igc 11. 

t See bottom of page 104 relative to iron msodium carbonate used to make 
the fusion for the removal of the iron. 
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prpspnt in tlio stnc'l when multiplied by 46.93 and divided by 
the weight taken for analysis. 

d’he xulphur in sueh steels ean be obtained by fusing 2 grams 
of thin drillings with 21) grams of sodium (airbonatc and 5 grams 
of potassium nitrate, llissolvo in water, filter, wash, roant, fuse 
again, acidulate with HC'l, evaporate combined filtrates to 
dryness twic(', filter after each evaporation, washing with 1 : 20 
HCl; add einehomne solution, filter after two hours; pre¬ 
cipitate the filtrate with barium chloride and finish as in 
gravimetric^ sulphur in steels. Make blank determination on 
like amount of the flux and acids, proceeding e.xactly as in 
actual analysis, and deduct the sulphur found from that found in 
the fusion of the steed. Multiply the weight of barium sulphate 
less that found in the blaidv by 13.73, and divide by the weight 
of sample taken for analysis to obt.ain the per cent of sulphur. 

Mnngaiiexe .—Proceed as for manganese m steed when chro¬ 
mium is preacnl, digesting the sample thoroughly with the mixture 
of acids as given. (See jiages 32-33.) 


ThK letNlTiriN OF EVAPOliATINO-DISIlES AT A DfM, RkD HeAT 
IN THE DeTF.HMINATION OFSlEleO.V AND'rt'NOSTEN I.N StEELS, 
UslNCj AN I'il.lOe'TIUe' MuFFI.E PlTlNACK 

By far the best way to iierform the'se ignitions, at a low red 
heat, is to use an edeedric mutfle furnace. In this way the dish is 
heated uniformlyi and gradually all over. Also several ignitions 
can be carried out at the same time. By putting a fireproof mark 
on each dish and carefully wiping all dust, etc., from the sur¬ 
faces of the different dishes, the latter can be put in the muffle 
in nest style. Dishes heated in a muffle are seldom cracked. 
In November^, 1915, the writer published the following type of 
electric muffle for this and other ignition purposes, and a portable 
rheostat, to control its temperature obtaining any heat from 
below re'elne.s,s to 1000° (1. (Se-e pages 119-121.) 

A New T}rpe of Portable Laboratory Rheostat. Photo No. 3 
shows the rheostat designed by the author with a view to making 
repairs more easy and to have a piece of apparatus with sufficient 
capacity to fill the noeafs of most laboratories. It consists of 


* Kcfiel pnKCs 121-122 ein sulphur in chrome-tungsten-vanadium steels. 
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twenty-one coils of nicliromc wire a totiil ivsistiince of 

30 ohms and a maxiiiuiin capacity of 14 amperes. It can be 
used either on the furnace shown m Photo No. 3, at 10, or with 

* 
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The rheostat occupies but a few inches of table width and 
can bo set behind the other ii])paratus. Repairs are easily made 
and the white board of hard aslx'stos board gives a cheerful 
effect. If desired, two fuel) rheostats can be bolted together, 
making a double instrument. The rheostat is practically inde¬ 
structible so long iis its eapiicity is not exceeded, as there is 
nothing about its design to get out of I’epair. In Photo No. 3, 15 is 
the fi’ont and 14 the back view showing details of construction. 

A New Rectangular Laboratory Electric Muffle Furnace with 
Solid Heat Insulation Case.—The furnace shown in Photo No. 4 
is in principle just the same as the cylindrical furnace described in 
Photo No. 3, No. IG. A white solid case of kicselguhr surrounds 
the heating clement ami working muffle which h.as an available 
working apace of lIJxGXl inches. This is ample for most 
laboratories. To contiol the temperature of the furnace the 
rheostat shown in Photo No. 3 is used and by means of it any 
desired tempcniture can be maintained for houi-s at a time up 
to 1000° C. The tuithor keeps three furnaces of this size in 
constant soi'vice. 

On account of the siniplicity of construction, the I’opairs can 
be easily made and, as no insulating powder is used, the furnace 
is fi'ee from powder falling out into tiio working chamlier. With 
the absence of the heat insulating pow'dei' the lepiiirs are much 
simplified. The whole furnace is suppoi’ted and enclo.sed in a 
stout, soft steel fi’a.’iic, which makes it vei-y rigid. 

The white casilig makes an attractive looking [liece of appara¬ 
tus. The intei'ior muffle on which the wire is wound is of (>. 
special composition which is now being tested out. This same 
composition used in combustion boats inado the remarkable run 
cf 525 steel combustions per boat with the tost boats still in 
commission but considerably worse for wear. It is highly 
probably that the muffle will be equally sujrerior to the old 
mixture for cylindi'ical core muffles. 

The scheme is to keep these working muffles already prepared 
with the heating w'ii-e cemented on them ready for use so that 
repairs can be quickly made. As the furnace consists of but 
three parts its construction is considerably cheaper than that of 
the old types, besides having the advantages already men¬ 
tioned. A slow stream of air from the compressed-air line is 
passed through the furnace dui’ing ignition of silicons or graphites. 
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The door opens horizontally: the author has found this 
arrangement to ho much more desiralrlo than the vertically 
opening door used in some of the old types. 

The duAVIMETHU' DkTEUMINATION ok SlU.l’HUU IN (hlROMlUM- 
VANADii'M Steel witiioot a Fusion 

Dissolve 4 or 5 grams of drillings in 200 e.c. of cone, nitric 
acid mixi'd with l(K) e.c. of cone, hydrochloric acid. Mix tho 
acids and let the mixture stand uiilil it turns red, before putting 
it in the ste<;l. Use an 800 c.c. heakei. After the action is 
over place tho beaker on a graphite bath (si'c page 488) and heat 
without boiling. Stir tin; residue off the bottom of the beaker 
at intervals of a half hour. If, after an hour and a h.alf of this 
digestion with the mixture of acids, the residue on the bottom 
of tho beaker is not a clean yellow but still looks dark, especially 
in the layer touching the bottom of the beaker next to the glass, 
then a fresh mixture of eipial (piantity should Ixi isiured into tho 
leaker and the sliniiig and digestion continued until the entire 
insoluble portion is a clear, bright yellow, putting in a third 
mixture if neces.saiy. The decomposition having been elTcctod, 
the contents of tho beaker ari' transferred to a 6IK) c.c. ca.sserole 
and cvaiKirated on the graphite. Before the transfer to the 
casserole is made, 2 grams of sodium carbonate are added to tho 
solution and stirred in well. FvaixiraUi to dryness, (kiol; 
add 100 c.c. of cone. H(’l; (over; heat until^all but the yellow 
residue of tungstic acid is in solution; evaixirate again to dryness; 
dissolve a.s before with 50 c.c. of HCl and evaporate to 20 c.c. 
Add to the cool solution, 150 c.c. of water; heat and stir; add 
paper pulp and filter; wash with I : 40 HCl; add 20 c.c. of 
cinchonine solution and 1(4 stand for several hours, preferably 
until the next day, to remove the last, traces of metatungstic 
acid; "filter; w'ash with ("inchonine water (5 c.c. of cinchonine 
solution to 500 e.c. of water) twenty times. Heat the filtrate 
and washings to boiling and precipitate the sulphuric acid formed 
with 25 c.c. of a saturated solution of barium chloride and finish 
the determination a.s in iilain steels, page 335. This method is of 
course applicable to plain chromium steels and nickel-chromium 
steels which give low results with the ordinary evolution method as 
given for plain steels, when several per cents of either or both 
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of those elements are present. The cinchonine solution referred 
to is given oi\ page Eil. llun blanks, repeating every operation, 
and deduct the sulphur so foutid. 

The Detku.mination oe Sui.eiiuu in Alloy Steels, I'*ERiio- 
ALLOYs, Ores, and Other Serstances by Heatino to 
Bkkimt Hedness, or Hkhieu, the Finely Powdered 
Body or Very 1'hin Drillinos, in a Stream oe Hydrooen 
Saturated with Acid 

In 1909 the author of this book, .see pages -19 and 177 of the 
fir.st edition, called attention to the fact that only a portion of 
the sulphur is obtained by the evolution as ordinarily applied 
to plain earlxRi steels. In some liiglily alloyed steels, notably 
the ehrome-tiingsten sti'els, as litlle as oiK'-twenty-fifth of tlie 
true sulphur is so found, d'he autiior had an experiinentai .steel 
containing 0.250 ixt cent sul])hur that sliowed but O.OlO [X'r cent 
sulphur by tlie ordinary evolution metliod as given for plain 
carbon steels. This sti'el eont,lined about 3 per cent chromium 
and 17 per cent tungsten and t).49 per cent carbon. 

The writer tried many schemes to overcome the failure of 
the evohil.ion methods with no |)articular .siicw.ss until the 
autumn of 1911. when the following plan was worked out, which 
gives practically all of the sulphur liy evolution as hydrogen 
sulphide. 

It was while lyaking .some ex|x'riments for the determination 
of oxygen in mi'tallic timgstiui powder, tliat Mr. S. J. Liibowsky 
called the autlior’s attention t-o the fact that hydrogen sulphide 
was being generatetl in the operation. He suggested that wo 
might take advantage of the fact to determine the sulphur in our 
tungsten products. Acting on this suggestion, the author had 
him make a series of t.o.sis but it was found that only a small 
part of the sulphur known to be prc.senl was evolved, and that 
very .slowly. After thinking the matter over, the author finally 
came to the conclusion that hydrochloric acid from the generator 
was also Ixiing carried by the hydrogen through the apparatus and 
that it must bo a necessary part of the reaction. The apparatus 
was then so arranged that the H passed through a bubble 
tube containing HCI before it entercil the furnace. An imme¬ 
diate speeding up of the evolution of the IljS was noted and 
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the full amount of sulphur was olitained on (he sample of tungsten 
being tested.' It s(Kin oeeurred to the author that all of the 
sulphur in barium sulphate couhl lx; obtained by the reaction, 

• BaSOi+2HC1+8H = BaCb +1 Hjt)+HaS. 

This wivs speedily demonstrated. The IfjS began to apix;ar 
in the cadmium chloridi' solution when the eh'ctric furnace had 
heated the tube containing barium salt to near a yellow heat. 
The author decided to us(' pure barium sulphate to standardize 
the iodine for titration of the II 2 S. Practically the theorid.ical 
number of c.c. of the standard iodine were rixjuired, its will be 
shown. The same was found to be true of sodium sulphate; 

Na2S()4+2II('l+8II = 2Na('l+4H20+H2S. 


After some years’ 11 ,sc of this method (he following are the routine 
details for sulphur in .ster'Is containing much tungsten, or other 
alloys, etc. 

From 0.100 to 1.000 gram is taken for analysis, 
depending on the siil|)hur content. A gocxl rule is not to weigh 
more of the sample than will yield enough H 2 S to consume 50 c.c. 
of the iodine .standard. The sample should be finely divided, 
the finer the better. It should be spread out in as thin a layer 
!us po.ssiblc in the combustion boat. The boat* should be located 
in the hottest part of the “eombustion tube.” When alloy or 
other steels arc being run, I gram of drillings is weighed. The 
drillings or millings should not be over fiO mesh, or else should 
be thin curly drillings. 

The sample is shoved into tulx; 5. Photo No. 5, page 124. 
The stopper at 5 is pierced with a five-sixteenths inch diameter 
quarts delivery tulx; that extends into the tube 5 to alxmt the 
center and ends directly over the middle of the boat. This brings 
the acid and hydrogen directly to the sample and speeds up the 
reaction. (See drawing No. 3.) The combustion tube is sup¬ 
ported in a slanting pasition to drain off any condensed moisture 
or acid toward the outlet end at 7. If this is not slanted in this 
manner the tulx; is liable to be cracked by moisture getting into 
the hot part. (See photo No. 5.) 
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The outlet end, being tapered, has no rubber stopper at 7, 
so that the bubble tube 8 is connected with the outlet of the 
evolution tube with a short piece of rubber tubing. A rubber 



Photo No .5. 

stopper at this point, is unsatisfactory, and practically out of 
the question, as it gives more or less sulphur. It was found 
important to avoid all cooling at the outlet, as low results were 
obtained when thee outlet end was kept cold with wet wrappings. 


D Quart* Tube 



Quart! Tube or Tube Apparatus for Evolving Sulphur in lli« 

of Special Compoeition , Form of HgS from BaaljaTn Sulphateit 


Calcium Sulphate. Sodium Sulphate, • 
and other Subatancee 

Drawing No. 3. 

For this reason this end is allowed to get quite warm, but not 
hot enough to cause the rubber tube connecting with 8 to give 
up sulphur in the form of H 2 S. All cooling devices must be 
omitted from 7 and are not needed at 5, unless a quartz tube 
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Photo No. 
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is used, as the special compmUion tube conducts heat very much 
less than the quartz. 

The Kipp 1 contains tlic stick zinc, and 1 : 1 HCl. It is a 
2 liter size. It is de.siraMe to run two determinations at a time. 
The two furnace.s are placed in parallel by distributing the 
hydrogen to both furnaces by means of a Y connection at 4. 
Photo No. 0 shows two (hdermination.s being run in two of the 
author’s type of electric fui'iiaces which he published several 
years ago in the Met. and (.’hem. Eng. It will be noted that 
it was necessary to have wet wrappings at the inlet ends of the 
tubes as quartz tubes were used at that time, 2 in Photo No. 5 
is filled with stick KOH. 3 in Photo No. 5 contains a saturated 
solution of mercuric chloride to absorb any H 2 S coming from 
the zinc, or tubing. It is filled with the mercury s,alt solution 
to the det)th of about 1 inch; 4 contains a IJ inch layer of HCl 
of 2 : 1 strength, i.e., two parts of acid to one part of water. 
The purpose of this tube is to saturate the hydrogen with HCl 
before it enters the combustion tube at 5, Photo No. 5. 1 he 
tube 4 should bo refilled with fresh acid about every other time 
it is used. The tube 8 is empty and is u.sed as a trap to catch 
any water or aciil that distills over from 7. The 10X1 inch tube 
9 contains the absorbing solution of the cadmium chloride, being 
of the same strength anti amount as is used in the orilinary 
evolution method described on page 335 for the determination 
of sulphur in plain steel. 

As stated, thc''finely irowdcrcd sample in the boat is shoved 
into 5, which should be nearly cold, or at least not hot enough 
cause to the hydrogen to (explode. The boat is pushed into the 
hottest part of the tube at 6 in Photo No. 5. The furnace is 
of the same type as is used for carbon determinations. 

When the tube is in place the stopper is inserted tightly into 
5 and the stream of hydrogen is started through the apparatus. 
The hydrogen is passed through the tube for about twenty 
minutes to expel all air. The current is then turned on and 
the furnace is brought up to a yellow heat as quickly as possible. 
After the furnace has attained a yellow heat, the hydrogen is 
passed for an hour longer. With hydrogen still passing, the 
rubber connection is closed with a pinchcock just in front of 7. 
The first tube at 9 containing the bulk of the sulphur is removed 
and a similar tube is connected containing a fresh charge of 
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the ammoniacal sdliilioii of cadinium chloride. If the conditions 
are ohserved, as iiivcn, as a rule but. very little sul|)hide forms 
in the second tuU' at tt. Hut a third tube should be put in to 
make sure all of the sulphur has beemevolved, es|H'eially when 
deahrJg with unusually hinh sulphurs or some substance like 
ferro-vanadium which yields all of its sulphur only after some 
hoiii-s’ hcatuif?. 

The contents of the various absorption tubes are poured 
through the same filter, beniimuiK with the tube eoutainiii)' the least 
sulphide. The sulphur didermiiiation is then finished by iodine 
titration exactly as desiaibed for plain steels on pajjes Ii;!()-3li5. 

Slaudardizalion of the Aiijiondiix mid Ihr Iodine Solution 
with Barium Sidiihote. 'I’lie author decided that the best 
standardization medium would be e.p. baiiuni sulphate, and 
found that this salt is ideal for this work as its sulphur is readily 
converted under the eondilioiis to hydrogen sulphide. 'I'lie 
freshly ignited .salt is weighed into a boat, and shovi'd into the 
cold evolution tube and the process is then carried out as alri'iuly 
outlined. The eadmiiim sulphide so olilained is lilrated to get 
the sulphur value of the iodine standard. For the standardiza¬ 
tion it IS convenient to weigh 0.1)20 gram of the barium sul¬ 
phate. A blank is also put through. As a cheek standardization, 
one can use 0.010 gram of the HaS()|. 'I'lie blank is deducted 
and the number of e.e. of the iodine re(|iiired to combine with 
hydrogen sulphide evolvi'd fiom the bariimi salt is divided 
into the .sulphur content of the bariimi si^phate used. For 
example, siippo.se it is found that a blank determination put 
through every operation eonsunied 1.8 e.e. of iodine and that 
0.020 gram of the sulphate produced enough sulphide to con¬ 
sume 24.4 e.e. Then since barium sulphate contains 13.73 per 
cent sulphur, 0.02X1X1.1373 divided by 22.0 eiiiials 0.0(H)121, 
or 1 e.e. of the standard iodine eipials 0.(KK)121 gram of sulphur 
under'the conditions as given. 

Theoretically, a standard iodine containing 1 milligram of 
iodine per e.e. should be ciiuivalent to 0.00012G gram of sulphur 
per c.c. of the iodine solution: 


CdS-F2H('l=-CdCl2+H2S, 
H2S-Fl2 = 2HH-S. 
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Therefore, 1 gram iociine = ^, or ' - or 0.126 gram of 

12 JOo.c^ 

sulphur. 

Ihe following table igive.s re.sults obtained on various sub¬ 
stances by fusion with carbonate of sodium and niter, w by 
fusion with a mixture of sodium carbonate and sodium peroxide 
followed by solution in water and airid; evaporation; filtration 
and final precipitation with barium chloride, weighing the barium 
sulphate so found, being the gravimetric results. The .same sample 
was also analyzed for its sulphur content by the evolution at a 
yellow heat in an atmosphere of hydrogen and HCl. 


Sample 

Hosiilt Olittiiiiud 
l)y Hot 'I'ulir 
I'lvolufioii 

Pur ( Viit S 

Itufllllt liv 
(IraviinolrK' 
Method 

Per (Viit S 

Kind of Material 

H. S. steel l)ot. on the 


0 ()7ti 1 

18 i)er cent W 

open market 

0 ()7() 

5 per cent Cr 

“D—H. S steel 

0 os.') 

0 083 

High m Grand W 

No. 1501 H. 8 

0 069 

0 061 

' High in (/F and W 

No. 882 H. 8 

0 o;t2 

0 028 

High in Cr,W and V 

V. 8. Govt. H 8. sfd 
No. 31 of 0 019% 8 

0 020 

0 020 

High in Gr and W 

Rex A A 

0 029 

0 030 

High in Cr, W, and V 

W. T. expenmental 
steel 

0 2.')8 

0 26.5 

High in Gr and V 

Tungsten powder 

0 on 

'Friiee 

Tungstateo' calcium 

Scheclite 

0 320 

0 31 

Portuguese 

Wolframite 

0 'too (witli lane) 

0 450 


Wolframite, D. G. N Z 

0 71S (witli lane) 

0 716 


‘‘P—” ferro-vanadium 

0 1.50 (with linie) 

0 148 


Sodium sulphate 

22 64 

22 .56 (theo- 


Vanadate of iron 

0 27.5 (with lane) 

retieal) 

0 284 


Sodium uranate 

0 (lot (with pilie.i) 

0 003 


English ball clay 

0 00.5 

0 065 


Scheelite concentrates 

0 990 (with lane) 

0 891 

Tungstateof calcium 

New Jersey saggar day 

0 123 (with lane) 

0 133 


Metallic tungsten pow 
der lot No 1002 

0 007 

0 008 


Ferro-molybdenum 

0 030 

0 025 


Ferro-molybdenum 

1 80 

1 82 


Ferro-tungsten .... 

0 175 

0.180 
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It is to be noted tliiit those samples marked (with lime) 
were mixed with quieklime before reducing. If this precaution 
18 omitted the results are far below the gravimetric figures. 
Also that ferro-vanadium gives up its flilphur very slowly, some- 
tirae^ requiring as much as twenty hours bi'fore ail of the sulphur 
is evolved. Sodium uraiiate must be mixed wi(h considerable 
precipitated silica, or it wdl be exceedingly corrosive in its action 
on tubes and boats. Again, the method is not applicable as 
yet to arsenic sulphiile, as much of the latter, iirobably all of it 
simply distdls over undecomposed. .Also some clays do not 
yield all of the suli>lmr for some reason not yet determined, 
but in spite of this fact the met-luxl is (‘xceedingly valuable for 
approximate sulphur on all clays that the writer has tested, 
giving a quick commercial method for grading clays according 
to high or low sulphur rating. 

The method is entiri'ly accurate for all alloy steels, tungsten 
compounds, and molybdenum com|)ounds and ferro-molybde- 
num and ferro-tungsten that the writm- has thus far te.sted. 
He relics entirely on th(' method for thc.se substances. Tw'o 
or three hours being all tin* tune ie(|uireil to evolve the entire 
sulphur. The work requires vmy little of the operator’s tune 
during the pi'riod of the evolution. 'I'he apparatus is inspected 
once an hour when a fresh absorption tube is set in place. 
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Part IV 

ANALYSIS OF LOW PER CENT TUNGSTEN STEELS 

When luiiffstcn, pliosphonis, uud silicon are wanUal in steels 
that contain from II.O to 15.5 jicr cent tunffstem ami less tlian 1 
per cent chrominni, dissolve It grains in (it) c.c. of 1,20 nitric aci<l 
in a No. 5 dish. I'ivaporate to dryness. Ignite to dull red. 
Cool and dis.solve in coneentratial hydrochloric acid, and finish 
as given under the analysis of high chroniiiini-tungstcn steels 
when silicon and phosiihoriis are waiiteil. 

Analysis of All Tiiniisten and Chrome Steels when 
Chromium and '1’unu.sten, only, are asked for 

Third Method for Tungsten in Steel. Dissolve 2 grama of 
sample in liO c.c. 1 : It sulphuric acid. Heat until all action is 
over. Add GO c.c. 1.20 nitric acid and digi'st at just below 
boiling until the residue in the 400 c.i. beaker is a clear yellow free 
of black particles. Dilute to 2IK) c.c. with water, and boil for 
twenty minutes. Add some paper pulp, filter out the main 
tungsten, and wash it free of iron test with dilute sulphurii. 
acid. Dilute the filtrate to 500 c.c. and mix. From this solution 
fill a 250 c.c. tlask to the mark. 

Fnd Portion. —P.recipitate the remaining tungstic acid from 
this portion with cinchonine. Wash it free of iron-test with 
watcM- containing cinchonine solution. Ignite it. Weigh and 
evaiior.ate the weighed K'sidiie with a few drops of H-iSOi and 
about 10 c.c. of HP in the manner describcal on page 115, obtain¬ 
ing the tungsten in this portion as described. Multiply this 
portion of the tungsten by two and add this weight to that 
gotten from the main tungsten after it is purified. This main 
tungstic acid is ignited, weighed, the silica is lemoved by evap¬ 
oration with a few drops of H 2 SO 4 and 10 c.c. of HF. It is 
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ignited at a low red and weighed again. Fuse it with twenty 
times its weight of sodium eaihonate at a hriglit red heat; 
dissolve the fusion out in water; wash the insoluble thoroughly 
with water; ignite the residue on the li^er until nothing remains 
but a iirown residue; weigh tins, deduct the weight from the 
siliea-free weight of the main tungstic acid; to this remamdi'r 
add twice the weight of the piirilied tungsten o.xide obtained 
by einchonine. 'I’his last total constitutes the total W(>a whieh 
is converted to metallic tungsten by the factor .71)31. 

.Second Portion. Finish this for chromium as given under 
determination of chromium in cliromium-vanadium steel, pagi’s 
5 and 10. If the ehemist prefers to obtain the chromium by a 
separate analysis, he ean get the total tiingslen by one opera¬ 
tion. The entire filtrate from the mam tungsten resi<lue is 
precipitated, without dividing it, by cinchonme, 'I'liis pre- 
eipitatc is burned off with the main residue. '1 he combined 
residues which constitute the total tungsten from 2 grams of 
sample are then freed from impurities in the usii: I way with 
bisulphate or .soditim carbonat<‘, and the total weight of [lure 
Wt):i is multiplied by TDitl and divided by the weight taken 
for analysis to obtain the jier cent of tungsten. If the iron 
oxide is removed by sodium carbonate the silica is first removed 
by evaporation with hytlrolliioric acid and sul|)huric acid as 
given on page lb"). The residue remaining after evaporation is 
ignited, weighed, and then the iron is removed by the carbonate 
fu.sioti. • 

Cinchonine Solution. Dissolve 25 grams of cinchonine in 
200 c.c. of 1 : 1 hydroehlonc acid. 

Cinehonine precipitali's tungsten almost instantly from 
moderately acid hydrochloric solution. It precipitates molyb¬ 
denum after con.siderabli' lapse of time, and then only paitially. 
At least, the above statement regarding molybdenum is correct 
if tin! attianpt is made m the manner as given for tungsten. 
This con.^Titutes a distinct dillerenco between these two elements. 

Analysis of Chkome-tungstkn-vanadhjm Steels for 
Chromium and Vanadium 

These elements are determined a-s in chrome-vanadium steels, 
boiling w'ith sufficient excess of permanganate so that the tung- 
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sten residue looks brown from manganese oxide after twenty 
minutes’ boiling. Filter on asbestos, or through a porous 
crucible and finish as usual. (See pages 5 and 10.) 


The Analysis of Ckucible Slag from Tungsten- 

VANAUIUM-CHKOMIUM StEEL 

Tungsten Oxide and Silica.—Fuse 1 gram of the finely ground 
.slag with a mixture of 10 grams of sodium carbonate and 2 grams 
of potassium nitrate in a platinum crucible. Dissolve tlie melt 
in a platinum dish in water and transfer the solution and the 
insoluble matter to a (iOO c.c. taisserole; acidulate with an excess 
of IK'I, about 75 e.o.; heat with the cover on until all effer¬ 
vescence is over, and evaporate to dryness on the graphite; 
heat with 30 (!.c. of cone. HCI to dissolve the iron; then with 
150 c.c. of water to dissolve the sodium salt; cool; adil paper 
pulp; filter; wa.sh with 1 : 40 HFI until free of iron test; hold 
this residue (A), as the main silicic and tungstic acids; the fil¬ 
trate and washings from A are again evaporated to dryness; 
dissolved; filtered and washed as above; and the residue on 
the filter is designated as B. 'I'lic filtrate and washings from 
B may still contain a little sodium metatungstate which is 
recovered by adding to the said filtrate and washings 10 c.c. of 
cinchonine solution; and, after stirring the same well, at least 
four hours are allowed to elapse before the tungsten cinchonate 
(C) is filteretl out; washed with cinchonine water and burned 
off with B and A. The ash from A, B, and C contains all of tl.e 
tungsten and silica. The latter is removed by evaporation 
with 15 c.c. of HF and 10 drops of cone. H 2 SO,t and ignition at 
a low red heat. The difference between the weight of the ash 
from A, B, C!, before this evaiioration and its weight after the 
evaporation and ignition, is calculated to percentage of Si 02 . 
The residue remaining after the evaporation with HF, etc., is 
fused with about twenty times its weight of sodium carbonate 
at a bright red heat for a half hour, or until all bubbling of CO 2 
is over; is dissolved in water; the insoluble residue is filtered 
out; thoroughly washed free of salt; ignited; weighed; and de¬ 
ducted from the silica free weight of A, B, C. The remainder 
so obtained is figured to percentage of WO 3 . 
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Oxides of Calcium, Magnesium, Manganese, and Iron.— 

Fuse 1 gram of the slag as al)ove and proceed lus directed up to 
the point where the filtraUi and washings from B are obtained 
which will contain all of the ('a. Mg, F(< and Mn except a small 
amount remaining with the A and B. Fuse the a-sh from A and 
B with sodium carbonati' as above, obtaining the water-insol¬ 
uble residue which, after being tboroiighly washed, is dis,solved 
in H(^l and addl'd to the mam filtrati' from B. A double basic 
acetate separation of the iron from the manganese in this main 
filtrate is made as diri'clcd on pages 211 and 215. On the filter, 
after the second b.asic acetate .separalion, will be the iron, chro¬ 
mium, and aluminuin, and some V, In the combined filtrates 
from the two basic acetate separations will be the manganese, 
calcium, and magncsiinn, which are separated and determined 
in the manner as given on pagi' 135. Call the combined fil¬ 
trates “X.” 

The acetates of iron, chromiiini, ahiminiim, titanium and part 
of the vanadium if present, are ignited and weighed at constant 
weight as FeoOs plus .Ali.O.i plus Cr-iO.i plus TiOa plus .some V20,s. 
These oxides are fused with twenty times their weight of sodium 
carbonate intimately ground with twice their weight of potassium 
nitrate to render the mixtiiri' of oxides soluble in acid. After 
keeping the melt, in a molten condition for fifteen minutes, it is 
cooled and dis.solved in water and acidulated with an excess of 
HUI; heated in the poreel.iin dish (to w'liich the water .solution 
of the fusion i.s transferred before the acidula^ion is made), until 
all elTervescence is over; the cover is removed; more acid is 
added, if necessary, and all is concentrated until a complete 
solution of the oxides is effected. The .solution is then diluted in 
a volumetric flask to 500 c.c. and 250 c.c. are converted into 
nitrates by evaporating tw'ico to 20 c.c. with 50 c.c. additions 
of cone, nitric acid. This nitric solution is analyzed for vanadium 
a.s in ferro-vanadiuin; the vanadium found is calculated to V2O5, 
multiplied by two and deducted from the total weight of the 
Fe 203 plu.s AI 2 O 3 plus Cr 203 , etc., above mentioned. The other 
250 c.c. are transferred to a liter boiling flask and peroxidized 
to remove the chromium and any vanadium in the manner 
described on page 179, until a filtrate is gotten that is free from 
any yellow color of chromium. The residue remaining on the 
filter after the final peroxidation will contain all of the iron 
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except a film of the latter remaining in the peroxidation flask. 
The iron on the filter is dissolved off with 1 : 1 HCl and is com¬ 
bined with the small portion recovered from the flask by wanning 
in it some 1 : 1 HCl. This total iron is free of chromium and 
vanadium and can he determined by reducing it with stannous 
chloride as in iron ores or it can be converted to sulphate and 
reduced with the zinc reductor and titrated with pennanganate. 
The combined filtrate's from the peroxidation contain all of the 
Al and Cr in one-half of the original 1 gram weight. The A1 
can be removed from the combined filtrates by adding 1 : 1 
HCl slowly and with rapid stirring, until a tuiTueric paper no 
longer wmediatelji changes to even a faint brown tint when 
dil)ped into tlu; solution beang neutralize'd. When the turmeric 
fails to change the solution is still alkaline enough to prevent 
any rcdi.ssolving of the aluminum. The aluminum can then be 
filtered out and determined as given on page 3(5. The iron 
found as above is (ailculated to FcO by the factor 1.28(5 and 
multiplied by 2 being one-half the sample. 

Chromium Oxide and Vanadium Oxide.—I'Yise 1 gram of the 
ground slag in an iron crucible with 8 grams of sodium peroxide; 
discsolve out the fusion iti water and boil for ten minutes in a 
casserole; acidulate with L50 c.c. of 1:3 sulphuric acid; boil 
with an excess of i)otassium permanganate and finish for chro¬ 
mium and vanadimn as in steels. In onka- to fix the prop(.r 
blank for the vanadium titration and to check the chromium 
determination, 330 mgs. of potassium dichromate and (50 mgs. 
of vanadium pentoxide of 99.7 per cent V were fused in the same 
way as the slag and i)ut through all of the operations. It 
required 132.6 c.c. of the double sulphate standard to react with 
the chromium; therefore 0.330X0.3535 divided by 132.6 equals 
0 . 0 (X )88 gram, or the value of the sulphate standard in chro¬ 
mium per c.c. The vanadium added, or 60 X 0.997, equals 
0.0598 gram of ¥ 26 , 5 . The percentage of V in the pentoxide 
being 56 per cent, there- was present in the standard mixture 
0.56 X 0.0598, or 0.0335 gram, V; 1 c.c. of the sulphate equals 
0.00254 gram of V; therefore it will require 13.2 c.c. of this 
standard to equal 0.0335 gram of V. Now by actual titration 
17.0 c.c. of the sulphate were used to obtain the blue end-point 
in the second part of the titration made after the addition of 
the ferricyanide as in steels; (see page 11 ) hence the blank to 
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be applied to the analysis of the tests of the alag ahould be 
17.00 c.c. less 13.20 e.c. or a blank of 3.8 c.o. A mixture of 
380 mgs. of K'it.'roO; and 80 nigs, of Vjt)'-, [iiit through the fusion 
and all of the above o|)erations gave arliroine value of 1 e.c. of 
the standard equals 0.00088 gram of (’r and a V blank of 4.0 e.c. 
The average blank is. therefore, 3.9 e.c. In this particular 
slag by the above metluHl 2.90 per cent V and a check result 
of 2.92 per cent V were found, which multiplied by the factor 
of 1.027 gave a v.alue in VjOt of 1.71 per cent. 'I'he chromium 
found, using the above faclor of 0.(HX)88, was 11.70 pi'r cent (Ir 
and a check result of 11.88 per cent ('r giving an average of 
11.82 which multiplied by the factor 1.101 e(|Uals 17.20, or the 
pt'reeniage of ('r 2 ();i in the .slag. 

A/imn/iHW.—Having found the total iron by doubling that 
found in the 2r)() c.c. portion, it can also bi' calculated to FcaOs; 
to th(“ ferric oxide add twice the vanadie oxide found in the 
other 2.')0 c.c.: to this sum add the chromic a<ad found in the 
separate portion: deduct the total of the three oxides from 
the total of the oxides of iron, chromium, aluminum, and vana¬ 
dium (being llu^ portion of the vanadium that may be carried 
along with till" other oxides) and the remainder is calculated 
to iiercentage as AljOj plus any titanic oxide or phosphoric acid 
that may be present. 
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Ca, Mn, and Mg in Crucible Slag.—The combined filtrates 
“X” from the basic acetate separations of the “iron, chromium, 
and some V ” (page 133) are maile slightly amrnoniacal and then 
an excess of ammonium persulphate or about 20 grams are 
added and the manganese is precipitated; the solution is heated 
until the precipitate separates well, leaving a clear supernatant 
fluid. A little ammonia is added from time to time to make sure 
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that the solution is always faintly amrnoniacal. The precipitate 
of hydrated oxide of manganese is filtered off; washed with 
water containing ammonia salt and a slight excess of ammonia. 
Call this filtrate and washings (A). . 

It is advisable to mix some paper pulp with the manganese 
precipitate to hasten the filtering and washing. The precipitate 
is then dissolved off the filter w'ith a mixture of 30 c.c. of sul¬ 
phurous acid water and 30 c.c. of 1 ; f H(d. The paper and 
pulp is thoroughly washed. The pulp should be upset to make 
sure that none of tin; precipitate has escaped being dissolved. 
The top part of the pulp will frequently look free of the hydrates 
but underneath brown spots of the hydroxides will be found 
undissolved. Ti'eat th(W(! spots with more of the mixture of 
sulphurous acid and hydrochloric aiad. This solution and 
washings ai'e r(;precipitated iis before with persulphate and 
ammonia. The precipitate is washed with aimnonia salt and 
slightly amrnoniacal water. Call this filtrati; and washings (B). 
The washed precipitate is now dissolved off tin; filter with a 
measured amount of the standard sulphuric acid solution of ferrous 
ammonium sulphate. Ups(‘t the pulp in this case also, saving 
part of the standard mixture to dissolve any unattacked brown 
colored hydroxide spots that aie found underneath in the pulp. 
Keep turning over the jmlp during the washing also. In this 
manner tin' filter and pulp are thoroughly washed free of ferrous 
iron tost, using ferricyanitle l-o test for the pre.sencc of ferrous 
iron in the wash'water. 'Phis solution and washings of the 
manganese ai'e titratecl to the first I'ink with standard KMn 04 . 
The number of c.c. i>f the ferrous standard measured, loss the 
number of c.c. of the KMnOi standard used, multiplied by the 
manganese value of the sulphate standard per c.c. will give the 
number of milligrams of Mn found. T'his figure multiplied by 
the factor 1.291 gives the equivalent in MnO. 

Standard NWwtmn.s'.—The ferrous ummomum sulphate standard 
is made by dissolving 19.581.5 grams of the c.p. salt in water; 
add to this 50 c.c. of 1 : 3 H 2 SO 4 and dilute to 1 liter; 1 c.c. of 
this solution should equal about 0.00134 gram of metallic Mn. 

The KMn04 standard solution is made by dissolving 1.58 
grams of the c.p. salt in water and diluting it to 1 liter; 1 c.c. 
of this solution should be equivalent to 1 c.c. of the sulphate 
standard. Keep in the dark. 
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Calcium and Magnesium.—Comliino filtrate and washings 
(A) and (B) and finish for these elements as described on page 
431, beginning at the point when' “the filtnites from the double 
precipitation of the iron are combined* evaporated to (iOO, c.c., 
heated to boiling, and the calcium is pree.ipiljited with .W c.c. 
of a saturated solution of ammonium oxalate.” The magne.sitim 
phosphate found in the filtrate from the lime is multiplied by 
the factor 0.3021X1 to convert it to MgO. 

Phosphorus.-'File phosphorus for the reasons given on 
pages 90-91 must be gotten by diri'ct solution in the satnc manner 
as given for ferro-tungsten (see page 90) phosphorus diitenni- 
nations. 



CHAPTER IV 


Part V 

DETERMINATION OF TANTALUM AND TUNGSTEN IN THE PRES¬ 
ENCE OF EACH OTHER APPLICABLE TO ORES, ALLOYS AND 

STEELS 

One sram of sample is weighed into a plalinuni dish or its 
equivalent (platinum gold alloy will answer as a stibstitute for 
platinum ware in this work). Add about 50 c.c. of HF; then 
5 c.c. cone. IINO3, drop by drop, until action ceases in the case 
of ferro; in the case of ore, warm until all except perhaps a white 
residue is dissolved. Add 5 c.c. cone. H 2 SO. 1 ; evaporate to 
heavy white fumes; continue this fuming for .some time; cool 
the dish; dissolve the contents in a mixture of 60 c.c. of HCl 
and 60 c.c. of water. Heat for about one hour on graphite 
bath; cool; mix considerable ashless paper pulp in the dish; 
filter; wash thoroughly with 1 : 30 IICl; this will require forty 
to sixty washings. 

Hold this filtef paper, marking it No. 1. To the filtrate 
from No. 1 add cinchonine solution; then let this filtrate stand 
overnight. Filter tungsten precipitate; wash with cinchonine 
wash; mark this filter paper containing the tungsten precipitate 
No. 2. Burn off papers No. 1 and No. 2 in platinum dish at a low 
heat. This residue con.stitutes the total tantalum and tungsten. 

Put into this dish 10 grams of NaOH and 15 c.c. of water; 
heat on graphite bath for ton minutes; then boil for three minutes; 
cool; add 60 c.c. water; boil for one minute more and cool again. 
Transfer to 800 c.c. beaker. Dilute 400 c.c. with water. Filter 
out insoluble residue, mixing in with it considerable paper pulp 
before filtering. Wash with 1 per cent solution of NaOH; hold 
this paper, which contains the bulk of the tantalum. Make the 
NaOH filtrate and washings from the main tantalum acid with 
HCI; then make same just ammoniacal. Add 20 c.c. excess 
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of ammonia; boil fivo minutes; filter; hold this filter paper, 
which contains the remainder of the tantahnu. 'I'he fillrato 
from it is made acid with IlCI; add fit) e.e. cinchonine solution 
and let stand overnight to preeiinlate ^he iiuun tungsten, free 
from tantalum. 

The two filters containing the total tant-alnm, together with 
a little tungsten, arc burned in the same platinum dish at a low 
heat; cool; and extract as in the first instance with 10 n'anis 
NaOH and 50 c.c. of water; filli'r, washing thoroughly with 
NaOH wash. This will r('niove any small amount of tungsten 
that may have been retained in No. 1 and No. 2 precipitates. 
Mark this paper (,\). 'I'he filtrate from (A) will contain the 
small amount of tungsten and also may contain a little tantalum 
dissolved by the NaOH. 

Filtrate from (.A) is made acid with IICI; t.hen annnoniaeal, 
using an excess of 20 e.e. of ammonia; boil five minutes; filter 
off small amount of tantalinn, if any; wa,.sh with ammonia W'ash 
twenty times and mark the paper (B). 

Filtrate from (B) is made acid with IICI, .50 e.e. cinchonine 
added and allowed to stand ovi'rnight. Filler off both the 
main and the small amount of tungsten obtained by the t.wo 
cinchonine precipitations on the same filter; wash with ein- 
chonine wash: burn off in a weighi'd platinum crucible or its 
equivalent; remove the .silica as usual with HF containing 
sufficient sulphuric acid, that is, three or four drops of cone, sul¬ 
phuric acid. Drive off excess IF.SO, as usu«l; ignite to a low 
red heat and weigh. This weighed residue is fused with 15 grams 
Na 2 C’Oa. Dissolve the melt in a iilatinum dish in water and trans¬ 
fer the contents of the platinum dish totitK) e.e. beaker; make acid 
with HCl and then aminoniaeal with 5 ee. I'xeess of ammoni.i,; boil; 
filter; wash forty times with 1 ; 1 NH i()H. Burn off the washed 
paper in a platinum crucible until char is all gone; weigh. The 
difference between this weight and the jirevious weight gives 
the pure WO.a. 

Filters marked (A) and (B) are now combined; burned off 
in a platinum dish with 50 c.c. of HF and 5 e.e. cone. H 2 SO 4 . 
Evaporate this mixture until the residue appears to be the 
condition of a moi.st solid. Dissolve this solid in a mixture 
of 70 c.c. of water and 30 c.c. HCl; heat for twenty minutes on 
a graphite bath. Mix in, about an equal bulk of paper pulp; 
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filter; wash thoroughly with 1 : 30 HCl. Hold this filter paper 
pulp; let the filtrate stand overnight, as frequently some tantalum 
will separate out in filtrate and washings after standing some 
hours. 

If any preeipitate forms, filter and wash as above. Combine 
this paper with the paper pulp filter; burn off paper and weigh 
again. If the residue is not pure white, dissolve again in 50 c.o. 
of HF and 5 c.e. IT 2 SO 1 cone.; evaporate as before to a solid; 
dissolve this solid as before in 30 (^c. HCl eone. and 70 c.c. of 
water; filter; burn off and weigh again, when the residue should 
be pure white or nearly so, constituting the total tantalum oxide 
plus any niobium that may be in the ore or alloy. 

No attempt is made in this method to separate tantalum 
from niobium. It is assumed that these elements are both 
present in this residue. 

The Analysis of Tantaliim Orb and Fehro-tantalum when 
Silica is not liEqriUED 

This is a simple proposition both in the ore and the ferro 
on account of their ready solubility in HF. Indeed the tantalum 
content can be obtainixl in three or four hours. Weigh into a 
platinum dish of about 150 c.c. capacit.y, 1 gram of the finely 
ground ore; pour upon it 20 c.c. of HF, c.p. grade, and then 
add cone, nitric aiad, a drop or two at a time, until all action 
ceases, which is vigorous in the case of a ferro; add in all 5 c.c. 
In ores 1 or 2 c.c. of the nitric is sufficient, as no action takes place. 

Now add 5 c.c. of cone. H 2 SO 4 and evaporate on a graphite 
bath until no more fumes of SO 3 are formed. Add 30 c.c. of 
cone. HCd and 70 c.(\ of water and heat for an hour. Filter 
on a double 11 cm. paper, wash forty times with 1 : 20 HCl 
and ignite at a low red heat in a weighed platinum until white; 
cool and weigh; calculate the Ta 20 .'> so obtained to nietallic 
tantalum in a ferro by use of the factor 0.8194. The foregoing 
scheme assumes the absence of tungsten, and that no attempt 
is made to discriminate between tantalum and niobium. 

The tantalic acid obtained will contain all of the tungsten 
present as the method is the same as the one given for the latter 
element on page 74. To separate the tantalum from the 
tungsten, use the sodium hydroxide extraction method as given 
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on pages 138-139. Mr. Mugoiie Flock of this laboratory worked 
out the hydroxide extraction method. 


Silicon in Ferro-tantalum ano Tantalum Ore 

Fuse the finely ground sul)stan(M' in an iron crucible with a 
mixture of sodium peroxide and .sodium carbonate in the same 
manner as given for gravimetric siiliihiir in ferro-titanium- 
silicon-aliiminuin on page 17. Dis.solve out the fusion in water; 
acidulate it with IK’I after transferring the water .solution to a 
casserole or porcelain dish; heat until the iron is dissolved; 
add about -lO c.c. of 1 : 3 sulphuric acid; evaporate to thick 
fumes; cool; add water; heat until all iron sul|)liale is di.ssolveil; 
filter off the insoluble ri'sidue, which should contain all of the 
lantaliiin and silicon. Wash free of iron; ignite; weigh as oxide 
of Ta, W^ and Si. Fvaporat.e with la c.c. of IlF and 2 c.c. 
of cone. IFSOi. There must be an excess of sulphuric acid 
or tantalum lluoride will be volatilized as a white sublimate. 
Igniti' at a low red, after evaporation t.o dryness. Loss of 
weight is silica d'lie residue in the crucible will constitute the. 
total tantalum plus all of the tuiigst.iai if (•uichoniii(‘ is used 
on the filtrate from the insoluble residue and any precijiitate 
so found is burned off with this last residue. This tottd Ta 
and W re.sidiui can then bi* finished for these two ehaiients as 
previously described. Him blanks on all ojierations for silica 
and deduct the silica so found. 

'I'he following recoveries were made by adding known amounts 
of taut,alum in tlu' form of ferro-tantalum, also in known mix¬ 
tures of tantalum and tungsten ori' 'I’he following amount of 
tungsten was added to ferro-tantalum; 


'ruiKj.^cn in Mixlurt No I 
Addeil Found 

0 1700 gram \V 0 grain \V 

0 1700 gram W 0 170,") gram W 

Tantalum in \fiiture No 1 


0 6300 graiT Ta 


0 6300 grain Ta 
0 6300 gram Ta 
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Timgden in Mixture No. 2 
Added Found 

0.0170 gram W 0 0174 gram W 

Tkntalum m Mixture No. 2 

0 6300 gram Ta 0 0270 gram Tar 

0 6280 gram Ta 

Tungsten in Mixture No. S 

0 0085 gram W 0 0095 gram W 

Tantalum in Mixture No. S 

0 6300 gram Ta 0 0210 gram Ta 

0 6260 gram Ta 


MiXTrrtE W and Ta OriES 
Mixture No. 1 

0 250 gram tantalum ore of 75 0 per cent TajO# 
Recovery of 'luxOt from Mixture No. 1 

0 1875 grams Ta*06 added 
0 1900 grams 'I'a-O-, found 
U 1900 grams 'I'aiOi, found 

0 750 gram tungsten ore of 68 0 per cent WO* 
Recovery of WOj from Mixture No. 1. 

0 5100 gram.s WO 3 added 
0 5105 grams WOs found 
0 5158 grams WO 3 found 


Mixture No. 2 

0 750 gram tantalum ore of 75 0 per cent Ta 206 
Recovery of Ta-0& from Mixture No. 2 

0 5700 grams TaiOi added 
0 58(X) grams 'rajOt, found 
0 5700 grams 'raA)> found 

0 250 gram tungsten ore of 68 0 per cent WOj 
Recovery of W'Oj from Mixture No. 2 

0 1700 grams added 
0 1700 grams WO3 found 
0 1720 grams WOj found 
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Tantalum in Steel.—Di.s-solvp 3 grams exactly as for tungsten 
in high speed steel (see page 111). Finish as for tungsten up 
to the point where the silicon is removed with HF and sulphuric 
acid. The ignited residue will contain all of the tungsten, if 
any be present, and all of the tantalum. This residue should 
be ignited at a very low red heat only: just hot enough to remove 
all of the filter char. This evaporation and ignition should be 
done in a platinum dish for convenii'iice. Extract the residue 
with NaOH ,as de,scrib('d for 'Fa in alloys and finish for Ta and 
W as therein described (page 138). 



CHAPTER V 


Part 1 

MOLYBDENUM POWDERS 

Carbon.—Carbon is obt.ainod by diroct cnmlnistion in a 
stream of oxyK<m. using flic cli'cfric furnace with tomporaturo 
lictwcon !•()()'’ and 950° (b Dccarlionization takes about a half 
hour. Use some red lead when the silicon content is high; 2 
grams of the former per gram of Mo. 

Phosphorus .—If any molybdic acid separates out during the 
course of a determination of phosphorus as in steels, it is certain 
to carry phosphorus out with it as [ihospho-inolybdic acid, in the 
same way that tungsten dex's. In such cases, dissolve the ferro 
or powder in a mixture of erpial parts of cone. H(d and HNtAi. 
Take 0.813 gram of the sample; dissolve it in 100 c.c. of the 
mixture; heat until all action is over; add 100 c.c. of cone. 
IICl; heat with the covi'r on until action is over and evaporate 
to 25 c.c. Dilute to 100 c.c. and remove the bulk of the molyb¬ 
denum with II 2 S. Filter; wash; and evaporate the filtrate and 
washings to 20 c.c. Add 100 c.c. of cone, nitric acid; heat with 
cover on until action is over and evaporate to 25 c.c. Transfer 
to a 150 c.c. beaker; dilute to 40 c.c.; boil with a slight excess 
of KMn 04 and finish as in phosphorus in steel. 

Silicon.—Dissolve 1.5 grams in 60 c.c. 1.20 nitric acid. Add 
120 c.c. of 1 ; 3 sulphuric acid. lOvaporatc in a porcelain dish 
on graphite or sand bath to thick w’hitc fumes of sulphuric anhy¬ 
dride. Cool and add 80 c.c. 1 : 1 hydrochloric acid. Boil five 
minutes. Cool again and add 50 c.c. of water. Mix in some 
paper pulp and filter on an 11 cm. double ashlcss filter. Wash 
free from iron test with 1 : 10 hydrochloric acid. Then wash 
free from chloride test with distilled water. Ignite in a platinum 
crucible at the faintest red heat until white. Weigh and evap¬ 
orate with hydrofluoric acid and a few drops of sulphuric acid. 
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Ignite again at lowest visibl(' redness. Calculate the loss of 
weight as usual to silicon. 

Molybdenum. —First Method. —Fu.se 0.500 gram of finely 
ground jiowiler with twenty limes its* weight of sodium car¬ 
bonate plus 2 grams of potassium nitrate. Heat cautiously 
until the fitsion is free from black particles. Dissolve the melt 
in a platinum or porcelain dish (plaliniim preferred) with water. 
Remove the platinum crucible from the dish and rinse it off 
carefully, allowing the washings to run on the filter through 
which the water solution is to be poured. Mix the water solu¬ 
tion of till' fusion with a little papi'r pul]) and filter it through 
the filter aforesaid. Wash the residue forty times with dilute 
sodium carbonate water. 'I'lie residin' on the lilter contains all 
of the iron and copper ]iresenl m the metal, a little plaliniun 
oxide fiom the crucible, and a little molybdenum (.see l)age Mli). 

The filtrate and washings are transferred to an 800 c.c. beaker, 
d'wo grams of tartaric acid are added. The solution is acidu¬ 
lated with sulphuric acid in slnjht e.xcess. The acidulated 
solution is heated for twenty minutes to expel the major portion 
of the carbon dioxide. It is then cooled; three drops of iihenol- 
phtlialein solution are added. (See Flios|ihoriis in Steel, p. 1518.) 
A rather concentrated solution of soiliuin hydroxide is added 
until one drop produces a pink color. Next add 1 : 3 suliihuric 
acid until one drop caitses the .solution to become colorless. 
Dilute to 7(K) c.c. with water. If the atteiipit be made to priv 
cipitate molybdenuiii in too .icid a solution,•by hydrogen sul- 
|)hide, the former is |)arlially reduced to a blue oxide and par¬ 
tially precipitated as sulpliid". To avoid this highly undesirable 
condition it is merely necessary to keep the solution but very 
slightly acid until it is well saturated wit.h IDS. It then turns 
to a deep orange colored fluid from which the molybdenum is 
(piickly precipitated, by the addition of ti or 7 c.c. of 1 : 3 
suliihu'ric acid, its a brown sulphide. I’ass the gas for thirty 
minutes longer. Add iiaper pul|) to the beaker, mixing it well 
with the .sulphide just before [lassing the gas for the half hour 
as directed. In this way the precphtation is rapid. The sul¬ 
phide can be filtered and washed (juickly. It is washed with 
H 2 S water containing two drops of 1 : 3 sulphuric acid per 
500 c.c. of wash water. Dive the sulphide forty washings, per¬ 
mitting each washing to drain off thoroughly before the succeed- 
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ing one is applied. The sulphide is then roasted just below 
redness in a platinum or porcelain crucible. The contents of the 
crucible can be ignited without loss of molybdenum trioxide, 
but tlie crucible mu.stinot be allowed to exceed the faintest 
visil)le redness. The Mo():t usually burns to a brownish white 
residue, owing to traces of impurities. 

After weighing the oxide it is extracted with 1 : 1 ammonia 
(11.50 per cent) on the water bath until there remains but a 
small residue, consisting of traces of iron and some silica. This 
is mixed with a litth^ |)aper pulp, filtered and washed thoroughly 
with dilute ammonia water.* It is ignited, weighed, and its 
weight is deducted from the first weight of the M 0 O 3 . The 
remainder is multiplied by 00.00 (or |X 100 ) and divided by 
the weight taken for analysis to obtain the per cent of molyb¬ 
denum in the sample, 'fhe filtrate and washings from the 
sulphide jirecipitation should always be tested by passing H 2 S 
through it for an hour more to make sure that no further pre¬ 
cipitation of molybdenum sulphide will occur. If the directions 
as given are carefully followed, no molybdenum will be found 
at this point. 

Second Method. —Clomph'ti'ly soluble molybdenum can bo 
examined for molybdenum as follows; Dissolve 0.400 gram of 
finely ground sample in liO c.c. of 1.20 nitric acid. Cool and 
add 2 grams of tartaric acid. Then add an excess of ammonia. 
Drop in 1 : 3 sulphuric acid until the solution is just faintly 
acid. Dilute to»3(X) c.c.; precipitate with hydrogen sulphide; 
and finish for molybdenum as given in the fir.st method. 

Iron.—The residue of iron, etc., remaining on the filter from 
the water solution of the sodium carbonate and niter fu.sion is 
di.ssolved off with a little hot 1 : 1 hydrochloric acid. The 
filter is washed free from iron test, d’his filtrate and washings 
are almost certain to contain some molybdenum. (The writer 
has found molybdenum with the iron, even after it has been 
fused a second time with sodium carbonate.) Add dilute ammonia 
to the solution a rlrop at a time until the iron hydroxide appears. 
Then add sulphuric acid (1 : 3) until the iron precipitate just 
dissolves. Dilute to 300 c.c;. with water. Pass H 2 S. The 

* It this filtrate and washings are blue estimate the copper therein with 
KCN as in steels, page 200. calculate tlie copper found to CuO and deduct 
the result from the weight of the impure MOs. 
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small quantity of mclybclenuin (juickly separates. It i.s filtered 
out and waslied in the same manner as tin' main sulpliide pre¬ 
cipitate. Inmt(' this sulphich' to <>\id(', \veif!:li it, ext iact it. with 
ammonia m the same way a^ the iiiafti oxide, h'lller out the 
insohilile niatlei', and \\a.sli it. with (liliite ainmoiiia. Ignite it, 
weigh it, and dediicl, the weight, fiom the lirsl. weight; calculate 
tlie reniaindei' l.o .Mo, and add il to l.he principal part of the 
molybdenum found. The fill rate and washings from the small 
sulphide precipitate contain all of the iron which can be deter¬ 
mined by evaiioration to a small vohmu‘ with a slight excess of 
[lotassium chlorate; 1 or 2 grams should siillice. Then add 
an exci'ss of I : H sulphuric, acid and evaporate to thick, white 
fumes of sulphuric anhydride. Dilute with wat.er. Reduce with 
zinc rediicl.or (six' page d('<ti) and linish by titration with per- 
nianganati' solution. 

Tungsten. Dvaporale the (illrate and washings from the 
main sulphide precapilal.i' obtained by the first mi'tliod to inoirt 
dryness. Add 100 c c. of cone, nitric acid. Heat with cover 
on until all action is iwer. Remove the wal.ch glass from the 
cas.serole and evaporate again to moist dryness. Add water; 
heat until all s.alt is m solution; tili.er out tlu‘ insoluble residue; 
wash it free from silts wilh I : 20 hydrochloric acid. This 
will take about forty to lifly washings. Mvaporate the filtrate 
and washings again to moist dryness, and add ItM) c.c. of cone, 
hydrochloric mad. Heat with the cover on as before, and evap¬ 
orate a third time. Add water and 20 c.c. of ^nchonine .solution; 
warm for a short time to |i<aniit any small preiapitate of tungsten 
to form and settle; wash il. with a mixture of .'ll) c.c. of |[('|, 
400 c.c. of watiu', and .') c c. of cinchonine stock solution, which 
consists of 2.') grams of cinchonine dissolved in 200 c.c. of 1 : 1 
IICl, Add this w'ashed papia- to the first oiii' obtained after 
evaporation of the nitric solution to moist dryness, adding water; 
helling; and filtering out the insoluble residue and waishing 
it free of salts. Ignite l.he two papers; weigh the ash so ob¬ 
tained as W().i + SiO..>. Finish as given for tungsten in stisds from 
this point by evaporation wdth a few drops of cone. H. 2 S 04 and 
10 c.c. of HF, etc. 



148 


MOLYBDENUM POWDERS 


Sulphur by Evolution in a Stream of Hydrogen Saturated 
WITH HCl, Heating to about 900° C. 

Evolution 

For a description of this method, which is by far the most 
satisfactory for tungsten and molybdenum powders and for 
ferro-tuiiKSten and ferro-molybdemim, read pages 122-129. Use 
1 gram of the finely divided substances and proceed as directed. 
If there be any sulphates present they too will be decomposed 
by the reaction: 

NasSO, +2Hri -h SIT = 2NaCl -f- HaS-f 4 H 2 O. 

Gnwinielric Method 

Fuse 2 grams of the powdered substance with 20 grams of 
sodium carbonate and 4 grams of potassium nitrate in a platinum 
criuable. (Or fuse in an iron crucible with NaaCOc and Na 202 
in the same manner as given on page 47 for ferro-titanium- 
aluminum-silicon.) The sodium carbonate and niter fluxes 
are ground thoroughly together in an agate mortar. Heat 
until the melt in tin; platinum crucible is a clear yellow, free 
of dark specks. This requires but a few minutes. Dissolve 
the melt in water; transfer it to a casserole. Make just acid 
with 1 : 1 HNO 3 ; then add a few c.c. in excess and warm a 
while to coagulate the M 0 O 3 that separates; filter it out; wash 
it fifty times with dilute (1 : 10) nitric acid. (If the bulk of the 
inolybdic acid is not removed by filtration, some of it will be 
found with barium sulphate at the end of the analysis, causing 
high results. In any case it is safer to fuse the final barium 
sulphate with Na 2 C 03 ; dissolve the fusion in water; make it 
slightly acid with HFl; warm; and pass H 2 S until saturated. 
If any sulphide forms it should be filtered out; and finished 
for inolybdic oxide in the u.sual way; deduct its weight from the 
weight of the barium sulphate found.) 

After the main inolybdic acid has been filtered out and 
washed, as described at the start, the filtrate and washings from 
it are evaporated low, and concentrated HCl is added cautiously 
a little at a time; heat with each addition of the acid to permit 
the effervescence to occur in installments; when no further 
reaction occurs, add 50 c.c. excess of the cone. HCl and evap¬ 
orate to dryness on a graphite bath or hot plate. Add 40 c.c. of 
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1 : 1 hydrochlorie acid. Huat with tho cover on for a half lionr. 
Add water and heat anain. Filter and wash with I : 2t) hydro¬ 
chloric acid, forty limes. Heat the filtrate to hoihnu, ami pre¬ 
cipitate with hariiirn ehloriih' solution, adfliiig the latter in excess, 
about 50 e.c. of the saturated solution. Lx't tho test si,and 
overnight; filter out the liarunu sulphate; wash it with water 
containing a drop or two of IK'l to ,500 e.c. about twenty times; 
and then free of ehloriiie test with water only. Ignite tho 
washed barium sulphate m a platinum criieiblc until it is while. 
Moi.sten it with a drop or two of 1 ; .4 sulphuric acid and ignite 
it again and weigh. Miiltiiily the weight .so obtained by the 
factor .1373X100 and divide by the weight taken. 'I'liis final 
result will be the per cent sul|)hur. 

Manganese.-- Proceed as in steels or ferro-vanadium, dis¬ 
solving the powder in 1.20 nitric acid. 

Copper.-—Nitric acid .solutions of molybdenum are precijiitated 
but slightl}’, even after one hour's standing, by potassium ferri- 
cyanide. '^Ihis reagent affords a rapid means of determining 
.the amount of copper that may be presiuit in the molybdenum, 
llisftolve 1 gram of sanpile in 30 e.c. 1.20 iiitrie acid. Add 
ammonia until the iron hydroxide forms. Then add sulphuric 
acid (1 : 3) a few drop.s at a tune until the hydrate, of iron is 
just dissolved; then add 10 e.c. excess of the acid, as coiiper 
fcrricyanide preci|)itateB better if there is some five acid. Now 
precipit/iite the copper with 20 c.c. of t,he same potassium ferri- 
cyanidc solution used to separate copper iit feiTo-vaiiadiiim. 
If tho copper in solution is likely to exceed 10 mgs,, then add 
an additional 2 c.c. of the fcrricyanide solution for every milli¬ 
gram of copper in exce.ss of 10 mgs. k'niish as given in the 
author's method for coppew in steel. The analysis of ferro- 
molybdenuin is similar to that of the powders. 

TVl’KWh W.HASRS 
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CHAPTER V 


Part II 

THE ANALYSIS OF FERRO-MOLYBDENUM 

Dissolve 0.4 and 0.5 gram for a clioiT in 50 n.n. of 1.20 nitric 
acid to a dear solution. Dilute to 200 c.c.; add a consider¬ 
able excess of ammonia and preciiiilate the iron. Kilter it out; 
wa.sh it with ammonia. Redissolvo this iron in 50 c.c. of 1:1 
HCl; reprecipitate the iron again, washing as before with dilute 
ammonia wash. Tlie iron hydroxide is dried; ignited at a low 
heat; and weighed as Ke-iOs+some MoO:i and a little SiOz. The 
residue in tlio crucible is dissolved in IKd; tlie sdica is filtereil 
out; washed; weighed and deducted from the total weight of tlie 
oxides of iron, etc. Tlie filtrate from the silica is made nearly 
neutral and the molybdenum therein is preci|)itated with 1 R>S 
in hot solution; filtered out; washed with H 2 S water; ignited 
at a very low red lieat; weighed and deducted from the iron 
oxide, etc., giving a remainder consisting of Ke 20 ;) plus any 
phosphoric acid Vhat may have been carried out w'ith the iron 
oxide. This phosphoric acid can be found by evaporating the 
filtrate from the above molybdenum suliihide to low volume; 
convert to niti'ates and finish the phos])horus as in steels. 
The phosphorus so found is calculated to PzOs and deducted 
from the weight of the P 2 O 5 plusFc 203 , leaving a remainder that 
can be calculated to metallic iron. This phosphorus is not nec¬ 
essarily the total iihostihoriis. The latter can be determined on a 
separate portion as described under Phasphorus in Molybdenum 
Powder. 

The main portion of the molybdenum is contained in the two 
sets of filtrates and washings from the precipitation and the 
rcprccipitation of the iron by ammonia as given abov'e. These 
filtrates and washings are combined; made slightly acid with 
HCl and the Mo is separated with H 2 S; washed; ignited and 
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weinliod as MoO;! |)lus any littlo silica present wliicli is reniove<l 
by dissolving the MoO.i in eone, aninionia and wanning until 
only a small lloating residue ri'inains whiidi is filtered out; 
washed with ammonia water; ignited; Veighed; and dedueti'd 
from thtt first weight of the mam MoOj. 'I'lii' remainder plus 
the M 0 O 3 found with the iron, as already deserihed, constitutes 
the total Moth) which is calculated to Mo by the factor O.titifit). 

Silicon.” This element can he determmisl on the sami' por¬ 
tion as is used for thi' molybdenum if the nitric acid solution 
is taken to dryness on the grajihite bath. Do not ignite the 
dish over a bare llame, as in tungsten, as then' is danger of loss 
of the Mo by volatilization. Dissolve th(‘ dry residiu' in .51) c,e, 
or more, if necessary, of cone, IK'I; dilute; filter; wash with 
dilute lU’l; wash until the residue on the filter no longer gives 
a test for iron; evaporate the filtrate and washings again to 
dryiK'ss; dis,solve; lilter; wash as before; combine th(“ two 
filters from the first and ,second eva|)orations; ignite the saiiio 
at a very low re,| hc'at and weigh as SiOj phis a little Mo();i, 
For close work this silica should be fused with tiui times its 
weight of sodium carbonate; the fusion dissolved in IK'I and 
evaporated tw'ice to dryness as before, finally weighing as pure 
silica. 

Fe + Mo. The filtrate from the second evaporation to 
dryness in the jireseni’e of the main iron and Mo can be com¬ 
bined with the lihrate and washings from the evaporation of 
the acidiilateil sodium caiboiiate fusion of the impure .silica. ’Pile 
combiued filtrates contain the t.otal iron and Mo and can be 
analyzed for these elements as already given under Ferro- 
Molybdeiiuni. 

'Pile carbon, manganese, tungsten, and sul[)hur are deter¬ 
mined as given for Molybdenum Powders. 
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The Analysis of Ferro-molybdenum-tungsten 

Tungsten, Phosphoi'as, and Silicon.—Dissolve 1 gin., and 
I 5 grains for a check, in .50 c.o. of 1.20 nitric acid in a No. 5 
porcel.ain dish; evaporate dry hut do not ignite with a bare 
flame. Redis.solvo with 100 c.c. of cone. HOI; evaporate dry; 
dissolve in .50 c.c. of cone. H(d and evaporate to 20 c.c.; add 
25 c.c. of water; lieat twenty minutes; filter; wash with 1 : 40 
HOI; evaporate the filtrate and washings to 10 c.c.; add 25 c.c. 
of water; heat and filter out any small residue of tungstic acid 
that may have separated out after this .second evaporation. 
The filtrate and washings from this last eva|)oration are then 
converted to nitrates and finished .as described on pages 
41-10. 

Tlw! residues on the filters from the above first and second 
evaporations to dryness contain all of the tungsten, silicon, and 
a little of the molybdenum. These papers are ignited at a low 
red heat until the c.irbon is gone; add 10 gr.ams of anhydrous 
sodium c.irbonate to the a.sh and fu.se to a clear licpiid that no 
longer giv<‘.s off any bubbles of tlOa. Di.ssolve out this firsion; 
acidulate it with HCl and evaporate to dryness, after all effer¬ 
vescence and spraying are over, in the covered ca.sscrolo. If the 
fusion is dissolved out in porcelain, the solution must be made 
acid with H('l as the dissolving of carbonate fusions with water 
alone in porcelaiif’ dishes causes the latter to be attacked and 
silicon results to be too high, especially if heal is applied to hasten 
matters. 

After the evaporation to dryness the residue is rcdissolved 
in HCl; add water; filter out the tungsten; wash it as before; 
evaporate the filtrate and washings again to dryness; dissolve; 
filter; and wash. Thi.s second filtrate and w'ashings will con¬ 
tain some tungsten which must be removed by cinchonine; heat 
the filtrate before adding the cinchonine; filter out the tungsten 
so precipitated; wash it wdth cinchonine water; coinbine this 
filter with the two residues obtained from the evaporation of the 
above fusion twice to dryness and burn all in a platinum crucible 
to a yellow residue free from the carbon of the filters; weigh 
it as \V03+Si02. Remove the silicon by the usual evaporation 
w'ith HF and H 2 S() 4 , calculating the loss of weight as the silicon 
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of the alloy. The residue in the erueible is enleulated to tungsten 
by the factor 0.7931. 

Molybdenum.—Fuse 0.5 grain of (he finely ground alloy in a 
platinum crucible with an inliniale tnixlure of 10 grams of 
sodium carbonate and 0.5 gram of niter until a ([iiiet fusion is 
obtained and then continue to maintain tlii' fusing temperature 
for ton minutes more. Dissolve the fusion out in water; filter 
out the insoluble residue of iron and mangane.se; wash it with 
sodium carbonate water; ignite it; grind it in a small agate 
mortar; return the fine powder again to (he crucible; clean the 
mortar by grinding it out with a little .sodium carbonati'; return 
this carbonate to (he crucible; again grind .some fresh carbonate 
in the mortar, and .so on, until the carbonate no longer shows a 
change of color when ground m (he mort.ar (irmd 10 grams of 
carbonate with 0.2()() gram of niter for this .second fusion which 
is made and dissolved out as in the lirst, fusion. 'I’lie filtrates 
and washings from insoluble residues obtained after each fusion 
contain all of the molybdenum and tungsten from the alloy. 
The first filtrate and washings contain practically all of these 
elements. Add to it 2 grams of tartaric acid and two drops of 
methyl orange .solution (I gram of (he methyl orange dis.solved 
in a liter of water). Now add IK'I until one drop just turns the 
solution pink. Fass II 2 S through the solution when it will turn 
a deep red due to the combination with the II 2 S; the addition 
of a few drops of HCl will cause the molybdenum sulphide to 
then precipitate out iiromiitly and perfectly after a thorough 
saturation with IDS. 'I'he directions must be carefully followed 
for if the attempt is made to precipitate molybdenum from a 
solution containing much friK! acid, a blue filtrate is obtained 
which contains much of the molybdenum in a reduced form 
that is very unsatisfactory to handle, as explained on page I5ti. 
Wa.sh the molybdenum .sulphide, so obtained from both sets of 
filtrates and washings, thoroughly with H 2 S water; ignite it at a 
low red heat and weigh; dis.solvc this MoO.i in ammonia; filter 
the solution; wash the filter thoroughly with ammonia; ignite 
it; weigh it; deduct this weight from the first weight of the 
M 0 O 3 and calculate the difference in weight to molybdenum by 
the use of the factor 0.6666. 

Iron.—The insoluble residue olrtained from the second fusion 
with sodium carbonate and niter contains all of the iron free 
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from tungsten and Mo and is especially convenient for the iron 
determination as the two latter elements must he seimrated 
before the iron can be determined. Di.ssolve this residue, after 
burning off the paper iy the crucibh^ in which tin; fu.sion was 
made, in cone. IK’l; clean the iron stains from the crucible 
with this acid; i)recipitatc the solution of the residue? and the 
cleanings of the crucible with ammonia; redis.solve; reprecip- 
itato, and rcdissolve it again to remove any platinum; then 
reduce the solution with stannous chloride and finish for iron 
as in iron ore by titration of the reduced iron with potassium 
diohromate. (See page 442.) Or convi'rt to sulphate by taking 
to fumes with H 2 SO 4 . Itedissolvc; dilute; pass through reductor 
and fini.sh as given on page 443. 

Sulphur.—4'he best and easiest way to got the sulphur is to 
evolve it from a hot tube by the method given on page 122 . 
Or the sulphur can be determined by any of the methoils given 
on pages 148 for molybdenum powders. 

Gravimetric SuLeiiuii in Fehho-molybdenum by direct 
8()I.ution in Acids 

Heat 5 grams of the powdered .sample in 2,50 c.c, cone. HNO. 3 . 
When action is over and red fumes are all gone, dilute with 200 c.c. 
of water; filter off the molybdic acid that separates at this stage 
and wash it fifty times with dilute UNO;;. If the bulk of the 
M 0 O 3 is not filtersid out here, some of it will bo found with the 
barium sulphate at the end of the analysis, causing high results. 
Transfer the filtrate to a No. 7 dish; add 2 grams of Na2C0.3 
and evaporate to dryness. Rcdissolve in 75 c.c. of cone. HCI, 
and evaporate to dryness again. Redtssolvc in 20 c.c. of cone. 
HCI, and when all the iron is in solution add 100 c.c. of water, 
stir it well, heat it for a while, filter it and w.ash it with dilute 
HCI. Add to the filtrate and washings 20 c.c. of cone.. HCI; 
dilute with water to 400 c.c. volume; heat to boiling and add 25 c.c. 
of a saturated solution of BaCR; lot stand twelve hours. Filter 
off the barium sulphate; wash it free of iron with water con¬ 
taining a few drops of 1 : 1 HCI, and then free of chloride 
with water only. 

Ignite it in a weighed platinum crucible; moisten it with two 
drops of sulphuric acid to convert any barium sulphite, formed 
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by the rediieiiiK action of the l)iiinin(' lilt('r paper, to baiiuin 
snlpliiite; wlien the ftimes of sulphuric acid are (jone, heat the 
crueil)le to redness, tasd it; and weipli it; calculate the per ci-nt 
of sul|)hur 1)\' inultiplyinK the wei^jlit of till' harinin sulphate found 
by 15.73 and dividing by the weight taken for analysts, lllanks 
should be run covciing all oiierations and any sulphur so found, 
deducted. 



CHAPTER V 


Part III 

MOLYBDENUM IN HIGH-SPEED STEELS AND ORES 

(Presence of Much Tumjstcn) 

Weigh 2 .mit 3 gniin samples into No. 5 poraolain dishes; 
dissolve in a mi.xtnro of 30 o.c. IICI (1 : 20) and 30 c.o. HNOn 
(1 : 42); heat moderately until residue is yellow; rinse covers 
with water; add 100 c.c. IlNOs (1.42). Take to dryne.ss on 
graphite bath over low flame; bake at OIX)” to 550° C. for ten 
minutes. Let cool, add 40 c.c. cone. HCl and heat until all is 
in solution except yellow residue. Add 50 c.c. distilled water; 
stir in paper pulp; filter through double 11 cm. papers into 
600 c.c. beakers and wash forty times with 1 ; 10 IICI, getting 
filtrate (A). 

The principal part of the molybdenum, i.e., in (A), is sep.a- 
rated as follows: Add ammonia to it until a precipitate forms 
that no longer dis,solves on stirring. Add 1 : 3 acid until this 
precipitate just ^hssolves. Then saturate the nearly neutral 
solution with hydrogen sulphide, and obtain the molybdenum 
sulphide. If the .solution containing the molybdenum is too 
nearly neutral, H 2 S causes only a deei) red coloration in it; if 
the solution is too acid, the passage of the hydrogen sulphide 
results in a partial precipitation of the molybdenum together 
with a blue coloration. From the red solution, the molybdenum 
is easily precipitated by a very slight addition of acid. Add the 
latter cautiously, a c.c. or two at a time, until the molybdenum 
begins to settle rapidly. Then pa.ss H 2 S a little while longer. 
If the H 2 S has been passed through too acid a solution of molyb¬ 
denum, with the re.sulting partial precipitation giving a blue 
filtrate, the best thing to do is to begin over again, giving the 
proper attention to these details. The molybdenum can be 
completely precipitated in a half hour’s time if the conditions 
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as here given are observeu; using a rapid stream of HjS. Filter 
and wash this sulphide in the same manner ils given for the 
molybdenum sulphide gotten from filtrate (B), i.o., using a wash 
consisting of 500 c.c. of water acidulafed with a few drops of 
1 : 1 HCl and saturated with H^S, (!iv(^ the filter sixty washings. 

Tungsten Residue (on Filter from (,t)). -Burn off in platinum 
at a low temperature; then fuse with 10 grams Na^COa. Cool; 
place in No. 5 porcelain dishe-s; add 15f) c.c. water and heat to 
dissolve the melt. Rinse crucibh's and covem with water; 
add a little pulp; filter through double 0 cm. papers, catching 
filtrates in clean 4IK) c.c. beakers. Wash thirty times with 
water, getting filtrate (B). 

Filtrate (B ).—Add 2 grams tartaric acid crystals to filtrate 
(B) and three drops of methyl orange solution; wliili* stirring, 
add 1 : 1 HCl carefully until solution just turns cherry red. 
P.ass a brisk stream of HsS through filtrates (A) and (B) until 
precipitates settle out well -iisiially reipiires at least thirty 
minutes. Add i, little paper pulp to each, then proceed to filter 
(B) through a double 11 cm. filter, catching filtrate in a HKH) c.c. 
beaker. The filtrate (.\) which has already been saturated with 
H 2 S in nearly neutral condition, as described in the first |)art of 
the scheme, is poured through the same filter, thus combining 
the main molybiliniuni sulphide in (A) with the small amount 
of the sulphide obtained from (B). The sulphide on the sides 
of the beakers is removed witli a rubber-tipped gla.s.s risl. The 
precipitate is washed with water acidulateil with a few drops 
of H(il to 500 c.c. The water is saturated with II 2 S and used 
cold. Wa.sh the sulphide fifty or sixty times. Ferricyanide of 
potas-sium may be used to show freedom from iron. Dry the 
papers containing the residue at 105° C. for thirty minutes; 
then roast in porcelain crucible of 40 c.c. capacity at 500° to 
550° C. until papers are completely consumed and residues are 
oxidized to M 0 O 3 . Place in desiccator; let cool about fifteen 
minutes; then weigh. 

Transfer contents of porcelain crucible to clean 150 c.c. 
beakers, using a carnel’s-hair brush to remove adhering particles. 
To each beaker add 40 c.c. filtereil ammonia (1 : 1 ). Heat 
moderately until white particles are in solution (do not boil too 
long, because of danger of expelling NH 3 , thereby causing deposi- 
tion of M0O3). 
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Filter through double 7 cm. paper, using a small amount of 
paper pulp in apex of filter. Wash forty times with ammonia 
water (15 c.c. ammonia 0.90 sp. gr. to 500 c.c. water). Place 
paper in the same portVlain crucible; burn off as before; cool 
and weigh. Loss in weight = Mo() 3 , which contains tiO.GO per 
cent Mo= 'i. 


MoOsX 100X2 
OX weight taken for analysis 


= p(‘r cent Mo in sample. 


The Deteumination ok Tuno.sten in the Phe.sence ok Much 
Moevudeniim 

Proceed as for molybdenum in high-speed stcH'l as given on 
pag(! 150, getting filtrate (A). Add 30 c.c. of cinchonine solution 
(see page 131) to (A). ],ct stand one hour. If any precipitate 
forms filter it off at once, washing it with cinchonine water. 
If (A) is allowed to stand any great length of time some of the 
molybdenum may separate out with the small amount of tungsten 
that may be thrown down in (A) by the cinchonine. The small 
pr.icipitate of tungsten cinchonate that may be gotten from (A) 
is burned off with the main tungsten residue that remained behind 
wliini filtrate (A) was first obtained. 

This platinum ci'ucible will now contain the total tungsten 
contaminated with a little molybdenum. The re.siduc in the 
platinum crucible is weighed; evaporated with 5 drops of 1 : 3 
sulphuric acid and 15 c.c. of IlF to dryiuiss. Ignited at the 
lowest red heat; weighed again. The lo.ss of weight is the silica, 
which is calculated to silicon by the factor 0.4(193. 

The silica-free weight oiiuals the main WO3 plus a little 
M 0 O 3 and Fe 203 . 1'ho silica-free residue is fused with 20 grams 
of sodium carbonate at a bright retl until the fusion is clear and 
there are no more bubbles arising in the melt. This melt is 
dissolved out in platinum and any iron oxide is filtered out; 
washed free of sodium salts; ignited in the same crucible in which 
the fusion was maile and weighed again. This residue should 
not melt down, but remain as small brown flake. I'ho weight 
is deducted from the silica-free w’oight last obtained. This 
leaves the weight of the WO3 plus Mods. This small amount 
of M 0 O 3 is corrected for as follows; The filtrate from the iron 
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oxide is tieatcd with 4 Rmins of tartaric acid to liold hack the 
tungsten; then made just ]>ink witli H('l, using mctiivl orangi' as 
an indicator. Ihi^ sniai! amount> of MoO.j prcsinit is t.h(Mi 
precipitated out willi 1I_.S, adding a f^w c.c. more of IK'l if 
nece.ssarv to break up tlie ri'd solution of niolyhdeniini 
sulplnde. Tile molylidcninn sulphide is liltcrcd out: washed 
thoroughly with IhjS water; ignited at a lowest red heat.; 
weighoil and deducted from the wiight. of WoO,) plus a little 
MoO.i. The n'maiiidcr is the pure WoO.i, winch is multiplied 
by the factor 79.41 and divided by the weight of sample taken 
to get the ])erccntagc of W in the sample. 


Rapid Method kou S'I'keds Nor Co.ni'm.ni.no I’cnosten. 
(iniriiHclnc hy Wnyhiiiy iix .Mo():( 

Weigh three grains into a. 2.')l) c.c. dish, di.ssolvc in 50 c.c. 
Il 2 S()^ (I :4)on stove, add 15 c.c. IlN’t )i (1.20 sp. gr.) cant lonsly. 
Remove and rinsi' off the lid. I'ivaporatc to fumes. Cover, 
add 15 c.c, HCl (1 : 1) and 1(K) c.c. distilled water. Heat until 
all sul|)hate is dis.solvcd. 

Transfer tlu' contents of dish to OOO c.c. beaker, if con- 
•sideralile silica is seen lloat.ing around in test, filler it- out and 
wash it fifteen limes with ililnte HCl. Add anniionia (1 : 4) 
until faint cloud of firecipilale of iron liydnAide persists; then 
clear with a few drops HCl; then add an excess of 5 c.c. 1 : I 
HCl. Volume 400 c.c. at this stagin 

Paas a rapid .stream of [RS through solution until tireciiiitate 
settles out well in bottom of Ixaikcr. Pilter on double 11 cm. 
papers and wash fifty times with IRS wash containing a few 
drops of HCl. Burn off ni a 40 c.c. porcelain crucible at 500° 
to 550° C. (A)ol; weigh. 

Extract in u.sual manner with filtered ammonia (1 ; 1); filter 
through 11 cm. paper (using pnlf)); and wash fifteen times with 
ammonia wash (50 c.c. ammonia (1:1) diluted to 300 c.c. with 
water). Burn off in original crucible; cool; weigh. 


Los.s in wt.X2X 100 ^ . 

-Q v 4 -=pcr cent Mo m sample. 
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Time required to complete determination, one hour forty- 
five minutes to two hours. 

3 grams 

23.6290 
23..5910 


.0380 


038X 2X100 
3 x¥ ” 


= .844 per cent Mo. 


Weigh 500 mg. into a No. 5 porcelain dish. Dissolve in 50 
c.c. HCl (1:1); add small additions of KDlO.'i crystals until 
solution and residue, if any, arc fully o.xidized. The solution 
should become very much darker in color and the tungsten 
residue in high-speed steel should now be canary yellow. 

Boil until the solution smells no longer of (ddorine fumes; 
filter off and discard any losidue present. With the solution 
in the original dish, add KOH solution, while stirring until blue 
to litmus, then a few c.c. in excess. Bring to a boil; filter 
through double 12.5 cm. papers into a clean 10X1 inch test 
tube. Discard the precipitate. (KOII—>solution in water, one 
part KOH to one part water.) 

Using a similar test tulie, divide this filtrate into two equal 
portions, so as to have a duplicate handy in case of mishap later. 
To the solution in one of the tubes, add cone. HCl, in small 
quantities, shaking to mix after each addition until the test 
is distinctly acid. If salts deposit in bottom of tube, add a 
few c.o. of water and shake to redissolvc. Add a few particles 
of o.p. granulated tin, place over a tiamc and bring just to a 
boil. Do not continue to boil, as by so doing the delicacy of the 
test is greatly impaired and at times destroyed entirely. Cool 
to room temperature; then add 5 c.c. KCNS solution (5 grams 
KCNS dissolved in 120 c.c. water). 


Water-white solution . no trace of molybdenum 

Yellowish tinge. 0 1 per cent or less 

Slight to good orange . up to 0 5 per cent 

Deep orange to red . 0 5 per cent to 1 per cent 

Very dark red. over 1 per cent. 
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Volumetric Determination of Molybdenum in Steel 

After weighing the niolybdonuin as oxide, th(“ results so 
obtained can be cheeked as follows: Fuse* the oxiile with 5 grams 
of carbonate of soda. Dissolve the melt in about 50 c.o. of 
water irr a dish. Filter the sohitum on a 7 cm. filter. Wash 
the latter thorouglily with sodium carlionate water. lOvaporate 
the filtrate and washings to 50 c.e. Acidulate with 1 : 3 sul¬ 
phuric acid, adding an excess of 100 c.c. Next add 1 c.c. of 
1 ; 1 hydrochloric acid after acidiilation with sulphuric acid. 

Place in the beaker a sfiuare inch of 1.7 nun. (,'j inch thick) 
aluminum foil with its corners bent at right angles. Heat the 
solution so as to maintain rapid action betwi'en the foil and the 
acid. In a half hour the reduction is kxiiiiIIij complete. 

Titrate with iiotassium permanganate standard until three 
drops of the latter render the solution a distinct pink, in the cold, 
for one minute. Remove the foil before beginning the titration, 
rinsing it with cold water. Heat a similar piece of foil for a 
half hour in a solution containing 5 grams of sodium carbonate 
acidulated with 121) c.c. 1 : 3 sulphuric acid. Add also 1 c.c. 
of 1 : 1 hydrochloric acid after acidulating with sulphuric acid. 
Titrate the blank exactly as given for the test. Deduct the 
c.c. of permanganate used by the blank from the amount re¬ 
quired to oxidize the test, and multiply the remainder by 
0.001925 to obtain the weight of inolybdemun present in the 
sample. The pennanganale standard is iirepai'ed by dissolving 
1.86 grains of the salt in water and diluting the .solution to 1 liter. 
Its value in inct.allic iron multiplied by 0.88103 equals its value 
in M0O3. This method pos.s(«ses no advantage over the ignition 
of the sulphide to oxide and weighing as such. 

Weighino of the Moi.vudenum as Lead Molybdate 

After weighing as oxide, fuse the latter with 5 graras of sodium 
carbonate. Dissolve the iiu'lt in water. Filter it, washing 
thoroughly with sodium carbonate water. To the filtrate and 
washings add two or three drops of methyl orange. Now titrate 
the solution until it turns pink with 1 : 1 HCl. Add 1 c.c. in 
excess. Heat the solution to almost boiling. Add 30 c.c. of a 
filtered saturated .solution of lead acetate in this manner: First 
add 20 c.c. and permit the precipitate to settle somewhat; then 
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pour in the remaining 10 c.o,, noting if there seems to be a further 
formation of the; wliite preeipitate. If more forms, add an addi¬ 
tional 10 c.c., or 40 e.e, in all. Now add .50 c.e. of a solution 
of ammonium acetate. Stir (lu' mixture thoroughly and allow 
the lead molybdab' to settle for two hours. It is filtered, washed 
with hot water, and ignited at a low red heat until while. It is 
weighed and the weight nuiltiplii'd by 0.2014 to reduce the 
weight to me'tallie molybdenum. 'Pest the filtrate and washings 
with 10 c.e. of the lead acefate solution, and note if a further 
pri'eipitation occurs in the course of an hour or two. This is a 
satisfactory method, as a check. The ammonium acetate 
solution is preiiared by dis.solving 500 grams of the crystals in 
1000 c.c. of wati'r. 

Dktuiimi.n.^tiov ok Molyudenum im Molybdenite Ore.s 
]{}/ Direct Solution in Acids 

Weigh 0.2 or 0.3 gram finely ground sample (200 mesh) that 
has been dried for one hour at 105° C. into 250 c.c. beakers. 
Add 10 (cc. IIN():i cone, plus 10 c.c. Hi;S()4 cone, and he.U on 
stove until heavy fiimi's of sulphuric acid are given off. (lool; 
adil 150 c.c. water; heat to get all the residue in solution as far 
as possible; make just ammoiiiacal and then add 10 c.c. excess. 
Filter; wash with 1 : 20 ammonia; wash forty times and burn 
off at lowest reddieat so as not to volatilize any niolybdic acid. 

Filtrate and washings from this first silicious and ferric 
hydroxide precipitate ari' made slightly acid with H2SO4 (1:3), and 
then slightly ammoniacal, using methyl orange as an indicator. 
Pass HiiS through the solution for one-half hour on graphite bath 
at low boat; this gives a red solution of molybdenum sulphide; 
then add 15 c.c. Il2S()4 (I : 3) slowly so as not to cause contents 
of beaker to effervesce over the top and continue to pass gas for 
one-half hour morie This will completely iirecipitate all molyb¬ 
denum sulphide; and the supernatant liquid, after precipitate 
has settled, should be colorless. 

The Sefiariitioii of Bismuth.-- The making of the ammonia 
precipitation given in the first paragraph is very important as 

Brearley and Ibbotson suggested the use of ammonium acetate at this 
stage. 
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it prevents the interference of bismuth wliich is sometimes 
present to the extent ()f several per cent. If it is not removed 
at this stase it will be precapilated with the inolvbdenum and 
counted as such at the end of the analysis. This ammonia 
precipitate will contain all of the silica, bisimith, iron, zinc, 
alumina, and also all of the arsenic, if there Ix' enou^];h iron present 
to carry out the arsenic. Also all of tlu‘ phosphorus. 

This bismuth, iron, silica, etc., precipitate is burned off at 
the lowest possible red heat in a platinum crucible and then 
fused with 10 (Iranis of sodium carbonate at a bri)i;ht red heat 
until trhe fusion is ijiiiet. Ihe melt is dissolved out, in water 
and filtered; the water-insoluble is washed thorouj^hlv with water 
containinj^ 5 grams of soda ash t,o .'it)!) c.i*. of watiu’, givung it 
sixty washings. The residue on tin' filti'r will contain all of the 
bismuth, zinc, etc., and the liltrate and washings will contain 
the small portion of the Mo that may have bi'en contained in 
the ammonia precipitate of Bi, etc. Acidulate this filtrate with 
an excess of sulphuric acid, or about 10 c.c. of 1 : I of the acid. 
Heat to boil off the C'Oo. Make slightly ammoniacal. Add .'i c.c. 
excess ammonia; liltin'; wash with ammonia wash thirty times 
and saturate with Ib.sS as before in a slightly ammoniacal solution 
for one-half hour longer with Ili-S, giving a red coloration. 'I'lieri 
add 15 c.c. II 2 SO .1 (1 : 3) and continue to saturate for one-half 
hour longer with IIjS when Mo will precijiitato. 

Filter this last precipitate through a 15 cm. filter paper, 
using no pulp, and wa,sh forty times with IF#i wa.sh containing 
three drop.s HCl. Then HIter the main precipitate of molyb¬ 
denum sulphide through the same paper and wash sixty times 
with H 2 S wash. The filtering of the .small molybdenum pre¬ 
cipitate first, washing the filter thoroughly, and then following 
up with main molybdenum sulphide, eliminates the chance of 
error due to any sodium salts being retained in the paper or 
precipitate. 

Burn off combined .sulphides in platinum crucible at the 
lowest red heat and weigh. Fxlract with ammonia (20 c.c. 

1 : 1) at low heat on graphite bath for one hour. Filter; wash 
sixty times with NII 4 OH wash (1 : 1); burn off and weigh. 
The difference in first and .second weights being the molybdic 
acid content plu.s any copper present. 

The presence of copper will be indicated by a blue color in 
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the ammonia filtrate. Any copper thus noted will be titrated 
with KCN solution, calculated to oxide, and deducted from the 
molybdic acid content. The remainder should be the weight 
of the pure molybdic acid cont(!nt of the ore and can be cal¬ 
culated to M 0 S 2 by dividing by 0.9. 

The Determination of Molybdenum in Molybdenite Ore 
AND Molybdenum Oxide by Fusion 

Fuse 0.500 gram of the finely ground ore in a mixture of 
10 grams of sodium carbonate and 0.100 gram of potassium 
nitrate in a platinum crucible. Dissolve the fusion in distilled 
water. Filter out any insoluble matter; wash the water-insoluble 
substance with sodium carbonate water (5 grams dissolved in 
500 c.c. of water) about thirty times. 

Burn off the insoluble in the platinum crucible at the lowest 
red heat and fu.se it again as before, using one-half as much of 
the fusion mixture. Dissolve out the fusion; filter; wash as 
before; combine the two filtrates and washings, or if the volumes 
of the latter are largo treat them as follows, separately; Add 
2 grams of tartaric acid to the filtrates and w.ashings and stir 
until the crystals are dissolved. Then make slightly acid with 
dilute H2SO4; and heat for one-half hour to drive off most of 
the CO2. Make slightly ammoniacal and add a few drops of 
methyl orange; add dilute sulphuric acid, a few drops at a time, 
until a pink colof’appears. Now pass H 2 S through the faintly 
acid solution for a half hour. The solution will now be a deep 
blood red and not much molybdenum sulphide will be pre¬ 
cipitated. To precipitate the molybdenum now add 5 c.c. of 
1 : 3 H2SO4 and pass H2S for another half hour. This should 
completely precipitate the molybdenum as sulphide, unless the 
supernatant is still red, in that case add 1 or 2 c.c. more acid 
and again pass H2S. 

Filter off the molybdenum sulphide and wash it fifty times 
with H 2 S water. Ignite it at the lowest red heat after first 
smoking off the more volatile part of the filter paper. Continue 
the heating until the residue is white. Weigh it, and extract 
it with 1 : 1 ammonia until all but some flocculent matter is 
dissolved. Filter out the insoluble matter; wash it with ammonia 
wash; burn it off in the same porcelain crucible in the same way 
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as the main molybdenum; weigh it; and deduet its weight from 
the first weight of the molybdenum trioxide, ('aleulate the lass 
of weight to MoSo by the factor l.llll or to metal by u.se of 
the factor O.fifififi. If the residue insoluble in ainnionia is more 
than a milligram or two, transfer it to a platiniiin criii'ible and 
fuse it W'ith twenly tiini's its weight of sodium carbonate and 
put it through all of the foregoing nielJiiMl to ix'cov'er any molyb¬ 
denum that may still bo retaini'd in Ifiis residue. That is. filter 
out the water-in.solublo from this fu''ion; wash it with .sodium 
carbonate wash; add a gram of cilric acid to hold back the 
tungsten if any be present; make I,he filtrate and washings just 
pink with acid, using methyl orange to give tlii' pink reaction; 
nass IIcS to saturation; filter out any molybdenum sulphide; 
ivash it; ignite it; weigh il; extract it wilh ammonia to guard 
igainst bismuth; call the loss of weight MoO.) and add it to the 
irst main loss of weight getting the total .Mottj. (tirrec.l (his 
..otal for Cut) as already mentioned in the met hod by direct .solii- 
don in acids. (See page Kit.) 

ManciANesk by I’esion in I’ekho-.moi.vudeniim and 
.MoI.VBDENT M I’OWDKII 

In case the metal, ferro or ore docs not di.ssolve readily in 
he mixed acids, O..^ gram of the finely powdered samiile is 
ixidized at a low' heat m a iilatinmn crmabli' with contmuod 
itirring and then fused with 10 grams of swliimi carbonate. 
Dissolve the melt in water in a cas.serole; remove the crucible 
ind acidulate the leached fusion with .dO c.c. of 1 : 1 IKil; clean 
he crucible W'ith some of the acid and add the (Meanings U) the 
nain solution. Add also 20 c.c. of cone. and evaporate 

,0 heavy fumes; cool; add 50 c.c. of water and 50 c.c. of 1.20 
litric acid; boil five minutes; filter into a 2.50 c.c. volumetric flask; 
vash thirty times with water and dilute the filtrate and washings 
.0 the 250 c.c. mark; mix well; pipette off ,50 c.c. into a 10-inch 
,est tube and finish the manganese as in steel by boiling with 
ipecially prepared lead peroxide. (See page 338 ) 

Arsenic in Ferro-.molybdenum and Molybdenum Powder 

Weigh 5 grams of the finely ground ore or metal into a 300 c.c. 
leaker. Digest on graphite bath with a mixture of 15 c.c. cone. 
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HN ()3 and 10 c.c. of none. H 2 SO 4 until all action is over; remove 
the cov(!r from the beaker and evaporate to heavy fumes; repeat 
this acid treatment until all sulphide or metal is dissolved or 
oxidized completely. 

Cool: add 60 c.c. water; heat for one hour anil filter; wash 
the filter about thirty times with water; make the filtrate and 
washings ammoniacal to precipitate the iron, Al, and As (at least 
twenty times as much iron as arsenic must be present, or a weighed 
amount of iron to that extent should be added). Filter after 
healing awhile. The filtrate and washings from the iron and 
arsenic will contain the bulk of the eopix'r and Mo. Dissolvi' 
the iron off the filter with cold 1 : 1 HCl; wa.sh the filter well 
with water; reprecipitate the Fe, As, etcc, again as before with 
ammonia; filter and wash the filter. Repeat these operations 
at least four times to insure the coinpk'te removal of the Mo 
and Cu from the iron, arsenic and aluminium. Again, redissolve 
the iron and arsenic as before; wash the filter thoroughly. Evapo¬ 
rate the filtrate and washings containing tlu' iron and arsenic 
to 100 C.C.; cool; add 2IK) c.c. of cone. HCl and precipitate 
tlve arsenic by passing H 2 S through this strongly acid .solulion 
for three hours in the cold to insure the arsenii^ precipitating as 
arsenic pentasulphidc. Lot the saturated solution settle over¬ 
night as small amounts of arsenic separate very slowly from 
strongly acid solutions. Filter the arsenic pi'iitasiilphido 
mixed with more or loss free sulphur, on paper filter; wash 
thoroughly free 'irorn iron with PI 2 S water containing a few 
drops of IICl. Purify the pentasiilphide from the free sulphur 
as given in the determination of ar.senic in tungsten ores. See 
page 111. Then weigh as AsiS.^ as described. 

Copper.—The three or four ammoniacal filtrates from the 
arsenic, iron, aluminum precipitations arc made acid with some 
cone, nitric acid and the copper is precipitated therefrom by 
potassium ferricyanide as in steel and let stand overnight to 
permit a thorough separation of the copper ferricyanide. The 
copper precipitate is then filtered off; washed with ferricyanide 
wash; the paper is burned off in a porcelain crucible; the ash 
is dissolved with 10 c.c. 1 ; 1 HCl; filtered; washed with water; 
the filtrate and washings are precipitated with H 2 S for an hour. 
Finish for copper as in steel by KCN titration. 
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DETERMINATION OF MOLYBDENUM IN THE PRESENCE OF 

aksenk; 

No. 1, 30 mu. Fc; 10 mg AML; I9!^l mg M,iO. ixUlcii. 
Recov<!ro(i 2000 gram MoO, 

, No. 2, 30 mg. Fo; 20 mg. Aa,(),, 1<J!H mg MoOj added, 
Recovered 1!)!X) gram MoOj. 

No. 3, 30 mg. Fe; 30 mg As/L; UWl mg. MoO, added. 
Recovered 2000 gram MoO, 

No. 4, 30 mg Fe, 10 mg A.ML; 1091 mg .MoO, added. 
Rei’overed 2000 gram MoO, 

No .Y 30 mg Fe; .'lO mg .As.O,; 1091 mg MoO. added. 
Recovered 1992 gi am .MoO,. 

No 0, 30 mg Fi'; No arsemi'; 1991 mg MoO, added. 

Recovered 2000 gram Mol l,. 


DETERMIN.ATION of molybdenum in the PRE.SENCE OF 
VANADIF.M 

No. 1 eoiOamed 200 mg MoO,, ;i0 mg Fe, .lO mg. VYO, 

No. 2 eoidamed 200 mg MoOj, ;t0 mg. l.'X) mg. V,!), 

No 3 eontaituMi 200 mg .MoO,, 30 mg I'e, KM) mg V.O, 

No. 4 coiitamed 200 mg MoO,, 30 mg I’e, no VjO, 

MoO.i Ri'.eo) KKK.', 

No 1, 2000 gram uarovere,! 199.', gram added 

No 2, 1990 giam ria-overed 199.', giam added 

No 3, 199.') gram recovered I99.'i gram ailded 

No. 4, . 1995 gram recovered 1995 grai* added 

The V2O5 niiigo run from an amount o(|nal to per cent up 
to 15 per cent on a gram sami)le ami on the 15 per cent V 2 O 5 
the recovery was as good as on the sample containing no per¬ 
centage of Y 2 O 5 . Some of the V2O5 was found in the filtrate 
when the molybtlenuin sulphide was filtered off and part of it 
was found in the residue from the ammonia extraction of the 
M 0 O 3 . Used 5 grams of tartaric acid in each precipitation of 
the sulphide and made the precipitation in an ammoniacal solu¬ 
tion; completed the precipitation of the sulphide with addition 
of 20 c.c. 1 : 3 HjSO,. 

The carbon and manganese can be determined as in tungsten 
powder. 
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ANALYSIS FOUND 



Per Cent 


1 Per Cent 

Carbon 

< 1 81 

'ruiif^sten 

10 02 

Manf2;anosc 

0 32 

Molybdenum 

42 60 

Phosjihorus 

0 080 

Iron . . i 

■ 42 12 

Silicon 

i 

1 85 

Sulphur 

1 1 

0 14 


Analysi.s of Wulfenitk Oue 

Weigh 1.0 to 1.5 grains of linely ground sample (200 me.di) 
that has been dried for one hour at 105° (1. into porcelain c.as.seroles 
(250 c.c. capacity). Add 50 c.c. 11 N 0,3 (cone.) plus ,50 c.c. IICI 
(cone.); heat for four hours at low heat; then remove covers 
and take to tlryness. 

Lead.—Take up with 50 c.c. HCl (cone.), digesting with chlo¬ 
rate of sodium four hours, adding one-half gram chlorate every 
half hour. Remove from heat just after last addition of chlorate 
and filter hot solution through 11 cm. |)apers. Wash sixt.y times 
with IICI wash (1 : 20). If the solution is [lerfoct the residue 
left on the paper will bo silicic acid. The solution must not be 
too dilute and should conlain active chlorine from the last 
chlorating and much free IICI to keep the lead from preciiiitating 
as chloride. Burn the filter paper in a |)latinum crucible at the 
lowest possible heat until white. Weigh. Itvaporate with HF 
and a few drops of H2SO4 to rinnove silica; ignite tlii' ilry residue 
to the lowest red heat and weigh again. The loss of weight is 
calculated to percentage of silica. 

Note if this residue is pure white. If it is yellow, tungsten 
may be present. Fuse residue with sodium carbonate (10 grams) 
and dis.solve with HCl (1 : 1). Add this solution to first filtrate 
plus 20 c.c. IIoSOj (cone.) and evaporate to fumes. Cool; add 
50 c.c. alcohol plus 150 c.c. water; stir and let settle overnight 
to precipitate lead sulphate. Filter same; wash sixty times 
with sulphuric acid wash (1 : 40) and evaporate filtrate to fumes 
again to obtain any lead still in solution. Filter out this remain¬ 
ing lead sulphate; wash as before. 

Combine both papers containing lead sulphate'; burn at low 
heat in weighed porcelain crucible; add three drops HNO 3 
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(cone.) to oxifliw any lead that lias Ix'en rodiicod and ignite at 
low heat to drive olT all exc.ess nitric acid. Add three drops 
H 2 S().t (cone.); ignite again at low heal, to drive off all excess 
sulphuric acid and widgh; the final wei.ihl of the Ph 804 multi¬ 
plied hy factor l).73l) eipials h'ad o\id(> content of ore. 

The filtrate from second lead precipitate is made slightly 
ammoniacal to precipitate all iron and idiiminuni present. Filler; 
wash forty times with NRiOH wash (1 : ID) and hum off paper 
in platinum crucible. Pn'cipitate the main molybdenum in the 
filtrati' from the iron and aluminum as in molybdenite ore. 
Fuse oxide of iron and alumiiiiim in platinum crucible with ft) 
grams sodium carbonate. Dissolve fusion in lot) c.c. water plus 
20 c.c. If'jSOi and bod off t.’D.j. Make ammoniacal; filter off 
iron and aluminum and preci|iitat.e the remaining molybdenum 
that may have been carried out with the iron, etc., as in 
moljdMlenite ore. 

Molybdenum.—Combine the two molybdenum sulphide pre¬ 
cipitates obtained as described in the foregoing and finish for 
MoOii as in molybdenite ore analysis. 

Carbon Dioxide.—Some wulfenib's contain considerable lead 
carbonate. To determini' the (X).^, the powdered sulxstance is 
phiced. in a carbon combustion fiirnaci' and ignited at a red 
heat for thirty minules in a stream of oxygen, getting the (^(>2 
as in steel. (See analysis found m a sample of wiilfenite No. 1, 
given below ) 

Sulphur can be gotten by the hot lube nieUiod (see page 122). 

Copper will be found with the MoD.t and gotten as a cor¬ 
rection as in molybdenite analysis. 


PbO 

SiO, 

Fe.O. 

AlaOj 
CO2 . 
MoOj.... 
V^Os .. 
CuO... 
P ... 


U iilft 111(0 No 1 

\V tilfcnito No 2 

Wiilfpijitp No 3. 

I'or < 'ont 

Pur Ont 

Per Cunt. 

70 27 

.TO 20 

6t 20 

5 05 


3 12 



4 90 

4 (if) 

0 94 

1 05 

12 20 


4 24 

7 82 

22 62 

18 81 



1 00 



0 58 



0 137 
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REKULTR OBTAINED BY THE METHOD ON KNOWN MIXTURES 


MoOj \<Mod j 

■MoUi l-'.nirnl 1 

L.-iul 1 

I.i'ad I'ouiul. 

IVr < 'uni 

1'. rlOiit 

I', r (’. lit 

J’<T ( 

0 0540 

() .AW 

0 1009 

0 102 

0.1002 

0 IIW 

0 19S 

0 .101) 

0.29H0 

0 29.5(i 

0 209 

0 300 



0 3f)S 

0 307 

. - 

. . 


. . 


Tungsten. -Ill tlic furcgoing sc.licmc uny Uingslon present 
would be found with tlie lead sulphate. 



cuArrioR V 
1>AKT IV 

DETERMINATION OF TIN, BISMUTH AND ARSENIC IN PLAIN 
AND ALLOY STEELS 

Dissolve 2 Knims of (inllui 4 ;s by lii'iitiiin tlioin in :i No. 5 
porcclnin dish on ilin wnlor l)M,lh. .After net,ion wil.li IK'I is 
over begin l.o further attni’k tin' steel, if it eontains large quan¬ 
tities of ehroiniuin and tungsten, by additions of pota-ssniin 
chlorate, ().5IK) grain at a tune at intervals of thirty ininiites 
until the insolubh' residue is bright yellow if tungsten be present. 
Heat until all smell of ehlorine is gone. The sample is usually 
well deeompo.sed when the amount of chlorate added equabs 
about 2 grams. Now add .50 c.c. of water; heau for a half 
hour; filter out the insoluble residue and wash the same free 
of iron te.st with dilute IK’I. 

The filtrate and washings are made nearly neutral with 
ammonia and 20 c.c. of cinchonine .solution ari^added, if the steel 
contains tungsten, to remove the last traces of the latter. The 
solution is allowed to stand overnight to make sure that all 
traces of tungsten are si'parati'd. The tungsten is then filtered 
out, anil the filter is washed with cinchonine water as in the 
determination of tungsten. Any traces of tungsten remaining 
behind arc very likely to contaminate the tin sulphide, obtained 
later. • (This cinchonine solution is made by dissolving .50 grams 
of the latter alkaloid in 200 c.c. cone. HCl and 800 c.c. of 
water.) 

The filtrate and washings from the cinchonine precipitation 
are diluted to 400 c.c. and hydrogen sulphide is p.assed until the 
mixture of .sulphur and sulphides settle well in the hot solution. 
The sulphides are filtered off and washed with hydrogen sul¬ 
phide water until free of ferrous iron test to ferricyanide of 
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potasKium. This roqiiiros fifty washings. 'I'wo drops of 1 : 1 
HCI aro put in 500 (i.c. of this wash. 

niini off the niixtiire of sulpliides at a very low rod boat in 
a weighed |)oroelain oriKihli'. The residue in tin; oriieihle may 
contain small amouid-s of oxides of eoi)i)('r, molybdenum, bis¬ 
muth, iron and silicon Ix'.sides the oxides of tin. The oxidi's arc 
heated at a ri'd heat for a half hour after the paper is all burned 
away. The total weight of the oxides is obtained and then the 
oxides are extracted with 20 c.c. of cone, ammonia to remove 
the molybdenum. The residue insoluble in ammonia is filtered 
off; washed with ammonia water; burned olT as bedore; and is 
then heated with 1 : 1 H(‘l to remove the small amount of iron, 
cctpper and bismuth that may b(> present. Again the residue 
in.soluble in the H(’l is filtered off; washed, and weighed. Tins 
weight represents the tin oxide together with a little silica. To 
remove the silica the residue, after being weighed free of the 
iron, bismuth and copiier, is transferred to a |)laliimm crucible, 
moistened with 5 drops of the cone. HsSOt and evaporated to 
dryness with 5 c.c.-of IIFl to remove tlii' silica. The crucible i.s 
then heated to redness again, cooled and weighed. The weight 
so obtained is calculated to metallic tin by multiplying by the 
factor 0.787(). A first-class steel will not show by this method 
much over 0.050 per cent Sn. The author has repeatedly had 
the method tested by adding known amounts of tin to alloy 
steels; and has recovered the amounts added within a fraction 
of a milligram. Itimust be remembered, in this connection, that 
chloride of tin is "olatilo; for this reason the author never heats 
the sam]}les much above the water bath temperature during the 
decomposition with hydrochloric acid and chlorate. 

In case it is desired to determine both tin and bismuth, it is 
better to separate these two elements, as given under the deter¬ 
mination of Bi and Sn in tungsten powder, when much tin and 
bismuth arc present, page 95, by the use of yellow ammonium 
sulphide and flowers of sulphur. 

Arsenic in Steel 

Dissolve the steel, 5 grams, exactly as for tungsten in high¬ 
speed steel (see page 171), using a mixture of equal parts of 
eonc. HNO 3 and HCI. Continue to attack the steel in this way 
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until the tungsten, if ,iny be pres('nt, is n clear bright yellow. 
Evaporate to moixt dryness, only, with additions of IK'l tintil all 
of the cone, nitric acid has been reinoveil. l''inisti the arsenic 
in the IK 'l solution as given in tungstei* ores. Weigh the arsenic 
as As2S,'i. 
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ANALYSIS OF FERRO-CHROME, CHROME ORE AND 
CARBONLESS CHROME ’ 

FERno-CHKOME Riul cRrlxmlcss rliroino usually dissolve 
coin|)l('l(‘ly in 1 : 3 sulpliuric acid. 'I'he Fu'i'o shoul<l ho ground 
a.s find as possible, ('arhonloss (diroiiio dissolves readily with¬ 
out grinding to any cspecaal degr(‘e. 

When a residue of a gritty or metallic nature remains after 
digestion with the dilute acid, it is filtered out, wa.shed twenty 
times with 1 : 10 sulphuric acid, roasted, fused with twenty 
times its weight of .sodium carbonate plus a fifth of its weight of 
potassium nitrate. The fusion is di.ssolv(Hl in water in a platinum 
dish, or porcelain one, and then poured into the main solution. 

* Dissolve from 0.3 to 0.4 gram of sample in 30 c.c. 1 : 3 sul¬ 
phuric acid as de.scribi'd, fusing the ri'sidue if there be any. ,\dd 
GO c.c. 1.20 nitric acid, anil treat exactly as stated for determina¬ 
tion of vanadium in ferro-van uhum until the filtering through 
asbestos or a porous crucible to remove the exci'ss of manganese 
oxide has been accom|)lished. I'o the cold filtrate add from 1 
to 2 c.c. of the ferricyanido indicator. Add also .50 c.c. of 1 : 3 
sulphuric acid. Titrate at once with a standard solution of ferrous 
ammonium .sulphate of double the strength of that used for 
vanadium work. When 3 drops of this st.uidard produce a 
darkening of the green to a blue, after the entire disappearance 
of all red or yellow tints, the end-point is reached. 

Standardization and Calculations .—Dissolve 30.1G3 grams of 
ferrous ammonium sulphate in water; add .50 c.c. of 1 : 3 sul¬ 
phuric acid; and dilute to 1 liter for standard. To standardize 
the ferrous ammonium sulphate weigh into a .5 ounce beaker 
0.500 gram of rccrystallized c.p. potassium dichromato. Dis¬ 


use from 0.2 to 0.25 gram if Cr in the ferro is over 50 per cent Cr. 
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solve t.hese crystals in a small niiantily of water. Add to the 
water solution sulphurous acid uiPil the chroniatiC is entirely 
reduced to a dark green and smells di.stinetly of K() 2 . Then 
transfer this green solution to a •i(K) c,e.*l)eaker containing about 
as mueli steel, free from chromiinn, as there is su|)po,sed to be 
iron in the ferro-chromium. t'or example, if tlie ferro is sup¬ 
posed to contain (>() per cent chromium, us(' 0.100 gram of steel. 
The steel is dissolved in 30 c.c. 1 : 3 suli)huric. acid before the 
reduced chromium solution is a<lded to it. Ihit this standardizing 
mixture through all of the analytical operations given for the actual 
analysis of the ferro-chromium, mcluditig the addition of the nitric 
acid. 

C\I.Cri,\TIONS 

* The ferrous mninoTiiiari siiliihale used liy the 0 .'ilK) (tram KA'r.O? is, for 
cx.ainple, 102 ti e e. The percent,age (if eliromiiim m tlie diehromiite is .'i.') 

1 lu'reforc ()..'>00X3.’) .3.5 s-102 0 0.001721, or 1 ee of tlie ferrous uuuuomuin 
sulphate solution eijual.s 0 001721 gram of chromium 

A check standardization using 0.000 gram of K,(lrj()i gave 1 c.c eiiuals 
0.001713. The .average value is 0(K)I7I,S. .Su|)pose OdiK) gram of a ferro- 
chromium rccpiired 1)0 0 c c of the sul|iliale standard: 1)9.0X0.001718-i-0.3 = 
0.5721, or 57.21 per cent chromium 

( 'aroo.n 

The total carbon can be obtained (piickly by th(' means of some 
oxidizing (lux in a stream of oxygen. Diret^. combustions with 
oxygen alone are very incomplete, at least with temperatures 
of 0.50° C. and under. Dccarbonizt' 1 gram of (iO-mesh sample, 
or finer, with 4 grama of red lead, either in the gas or electrically 
heated furnaces. 


StiLPHUR AND Silicon 

Fuse 1 gram of the finely powtiered alloy in an iron crucible 
with a mixture of 10 grams of Na 2()2 and .5 grams of NiagCO.^ for 
two or three minutes in the manner described under ferro-titanium. 
(See page 57.) Hold the crucible in the flame with a pair of tongs 
giving it a moderate rotary motion during the three minutes of 
quiet fusion. 

When the melt is cold, place the crucible on its side in a 
porcelain dish or casserole. Cover it with water; warm it as 
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little as possible to prevent attacking the glaze of the dish. 
When the solution is complete, remove the crucible, rinse off its 
sides into the dish, and ryb off and wash into the dish any oxides 
adhering to its inner walls. 

Add an excess of H(’l; evaporate dry; take up in water 
and HCl, heating until all but the silica is in solution; cool; 
filter out the silica, mixing in some ashless filti'r pulp to aid 
filtering and washing; wash free of iron test; smoko off the 
filter from the silica in a platinum crucible and then raise the 
heat gradually and finally blast to a constant weight. Call this 
(A). Evaporate the filtrate and washings from the main silica 
again to dryness to get out the last traces of silica; take up with 
water and HCl as before; filter out the small amount of silica; 
wash it free of iron test with 1 : •)() HCl; and burn it to an ash 
in the same crucible with (A). The total ash in (A) will now 
contain the total silica. Ignite it to a constant weight ; evairorate 
it to fumes with 15 c.c. of HK and 3 c.c. of 1 : 3 H 2 SO 4 . Raise 
the heat gradually to a dull red; cool; do not bhust; cool and 
weigh. The loss of weight of (A) multiplied by 49.63 and 
divided by the weight taken will give the total per ci'iit of silicon 
in the sample. Deduct the blank before making the calculation. 
Also if the silicon is high, being several per cents, it should be 
again evaporated. This time with 7 c.c. of HE and 20 drops 
of 1 : 3 H 2 S 04 ; ignite to a dull red and weigh again to make 
sure all of the silici) has been driven off. The residue from this 
second evaporation is fused with twenty times its weight of 
Na 2 C 03 mixed with the equal of its weight of niter. Heat 
slowly to a bright red and keep at this heat for twenty minutes. 
Dissolve the fusion out in water in a platinum or porcelain dish. 
Add 1 : 1 HCl to dissolve the fusion if a porcelain dish is used, 
as the hot alkaline solution will attack the glaze of the dish. 
Clean the crucible with a little acid; add these cleanings to the 
solution of the fusion; add an excess of HCl; heat until all is in 
solution; and add the entire fusion to main filtrate and washings 
from the second evaporation made to get out the last traces of 
silicon. This total solution will now contain all of the Cr, Mn, 
S, Al, P, Cu, Ni and V and can be analyzed for these elements 
by nearly the same methods as given for ferro-titanium by fusion. 
However, it is better to get the phosphorus and sulphur only 
from this solution. 
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Sulphur and Phosphorus 

Add a slight c'X(h;ss of iuiiinoimi toithc solution last men¬ 
tioned; heat; lilter out hydroxides of iron, ote., using two 
funnels and 15 em. lilter i)a|>ers as the preci|)itate wdl be of large 
bulk. Wash with water; aeidiilate the filtrate and washings 
with H(’l; add 10 e.e. excess of I : 1 IlCI: volume at this stage 
should be not much over -100 e.e. Too much free HCl prevents 
the comph^te precipitation of BaSO.i; on the other hand if the 
solution is too laxirly neutral the HaSOi forms in a slate of 
extremely line division, settles \ery poorly, and has a decided 
tendency to run through the lilter paper. 

Now add to the hot. solution 50 e.e. of a .saturated solution 
of BaSOi diluted with 100 e.e. of water; stir thoroughly and let 
settle overnight. Finish the sul|)hur as in steel by the gravi¬ 
metric method, 'the hydioxides of iron, ehroinium, etc., on the 
two filter paper.s contain all of the phosphorus. Dissolve them 
off the filter papers as far as possible with hot 1 : 1 IICl; wash 
the papers thoroughly with water. Bum them to an ash; fuse 
the ash with twenty times its weight of N’a'.>('0,-i mixed with onee 
its weight of KN'0;i. Dis.solve out the melt in IICl and add it 
to the main solution of the hydroxides. 'I'lien evaporate the 
latter to 15 e.e.; add 75 c.c. of cone. IINOa; heat with the cover 
on until all action is over; evaporate to 15 c.c. again; repeat the 
evaporation with cone, nitric, using 50 c.c. » 

Wash the nitric solution of the hydroxides into a 125 c.c. 
beaker and eva|)orate to 25 c c Add 20 c.c. of cone, nitric acid; 
heat to boiling; remove from the tire and add, at onee, 50 c.c. 
of the faintly ammoniacal solution of ammonium molybdate. 
Stir rapidly for two or three minutes; tilti'r off the phospho- 
molybdate as soon as it has settled. Finish us for phosphorus 
as in steel. 

(Ihromium 

Instead of running all of the nitric acid solution of the iron 
and chromium for phosphorus, it can be divided into two equal 
parts. One part can be finished for phosphorus and the other half 
can be diluted to 300 c.c., boiled with KMn 04 and finished by 
titration with ferrous ammonium sulphate as already described 
for chromium. 
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The seheme described on pages 47-48 for the analysis of ferro- 
titanium calls for the transfer of the solution containing the 
total Cr, Mil, S, Al, P, Cu, Ni, etc., to a liter flask; dilute to 
the mark; mix well; repeatedly inverting the stoppered flask. 
50 to 100 c.c. of this solution are measured off into evaporating 
dishes. 


Manoane.se 

To this 50 and 100 c.c. are then added 10 c.c. of 1 : 1 H(4 and 
then a slight excess of a thiiT cream of zinc oxide and water 
to remove the chromium. Chromium interferes seriously with 
the determination of manganese by lead jicroxide method. Filter 
off the precipitate, consisting of hydroxides of iron and chromium; 
wash them thoroughly with water. Add to the filtrate and 
washings about 15 c.c. of 1 ; 3 II 2 SO 4 and evaporate to thick 
fumes to remove the IICI. 

Add 10 c.c. of water and heat until all sulphate is dissolved; 
transfer the solution to a 10 X 1 inch ti'st tube; add 10 c.c. of cone. 
HNOa and finish by boiling with brown lead peroxide; titrate 
for manganese as in steifl with standard sodium arsenite solution. 
If the manganese is higher than 2 per cent, the sulphate solution 
should be finished with a larger amount of nitric acid; boiled 
with more brown lead; and titrated with ferrous ammonium 
sulphate as described on page 345 for per cents up to 16 per 
cent Mu. 

Iron, Aluminum and Mangane.se by Solution in HF and 
H2SO4 

Dissolve 1 gram of the finely powdered alloy in the same way 
as described for ferro-titanium, in a covered platinum dish in 
10 c.c. of IIF; warm in a good draught; remove from the heat; 
add a few drops of cone, nitric acid; when action is over, continue 
to add the HNO 3 until a total of 5 c.c. has been used; remove 
the lid; wash the under side of the cover into the dish; add 
10 c.c. of cone. H 2 SO 4 ; evaporate to slighlesl fumes only (difference 
from titanium procedure). If a solution containing chromium 
is evaporated to thick fumes of SO 3 , the chromium becomes very 
insoluble. 
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The sulphate of iron (chromium, Al, Mn, etc.) is again gotten 
into solution by heating it with water and H 2 S 04 . It is again 
evaporated to slight fumes to insure the complete removal of 
the chlorides, 1 he .sulphates are again ikssolved by heating with 
water; the whole is transferred to a liter Hask; and diluted 
to the mark; mixed well by repeatedly inverting the Hask. The 
500 c.c. portion taken for the Al, Fe is evaporated to 300 c.c. 
and peroxidized in a beaker by adding Na 20 .. until slight alka¬ 
linity is obtained to litmus paper; .5 grams excess peroxide and 
5 grams of Na2C()3 are added and the whole is brought to a boil 
for a few seconds only. The volume at this stage should be about 
600 c.c. The iron hydroxide, which still may contain con¬ 
siderable Cr and Al, is filtered olT and washed with carbonate 
water (5 grams dissolved in .'lOO c.c. of water). The yellow 
filtrate and washings will contain most of the Al and Cr. The 
iron hydroxide is di.s.solved off the filter with hot 1 : 1 HCl. 
The filter paper is washed thoroughly with 1 : 40 HCl until free 
of iron test. The hlter paper is savetl. 

The filtrate and washings are again peroxidized as before; 
the iron hydroxide filtered off and washed. If the filtrate and 
washings are still yellow, the iron hydroxide must be again dis¬ 
solved off as before, thi' filter washed free of iron and saved. 
The filtrate must be again peroxidized and so on until an alkaline 
filtrate and washings are obtained free of yellow and on neu¬ 
tralizing to turmeric [laper gives only a slight cloud of Al hydroxide 
or none at all. Where much Cr or Al or boMi, are [ireseiit this 
may require at least three peroxidation.s. 

The hlter papem from which the iron hydroxide is dissolved 
off prior to each peroxidation, are saved, as stated, and burned 
to an ash at a low heat; weighed. 'I’be ash (which may be 
partly fused already from the small amount of carbonate remain¬ 
ing in it from the washing), is fused with twenty times its weight 
of Na 2 Cf 03 and twice its weight of niter for fifteen minutes at a 
bright red heat; the melt is dissolved out with water; hltered; 
washed with carbonate water; the filtrate and washings are 
added to the yellow hltrates from the peroxidations of the iron. 
However, if this filtrate and washings from the fusion of the ash 
shows green tints, it contains sodium manganate which must 
be removed by heating in the filtrate and washings, a few drops 
of alcohol. The Mn will settle out as a brown precipitate, 
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which is filtered out and washed with carbonate water. This 
operation should be done before the solution of the fused ash 
is filtered in the first jdace. 

The residue on the'filter from the solution of the fused ash 
is added to the main iron hydroxide which is left on the filter 
after tlie last peroxidation to remove the last traces of the A1 
and Cr. This iron hydroxide (which is now free of A1 and Cr), 
together with the small residue obtained from the fusion of the 
several filter paper ashes after the warming of the water solution 
of the fusion with alcohol, will contain the total iron and 
manganese in the on(;-half gram portion of the alloy. 

Iron and Manganese.--The last-mentioned chromium-free 
iron and the small residue of iron and manganese on the filter 
from the water and alcohol solution of the fused filter ash can 
now be dissolved off the respective! filtere with hot 1 : 1 HCl 
as far as possible. To make sure of dissolving all of the manga¬ 
nese treat the filter papers further with some sulphurous acid 
water which is most effective in dissolving manganese. Then wash 
thoroughly with 1 : 40 HCl and dilute sulphurous acid water. 
The filtrate and washings are then evapoiated to thick fumes 
with 40 c.c. of 1 : li H2S()4. Cool; heat with water and 10 c.e. 
more of H 2 S 04 until all sulphates are dissolved; cool; transfer 
to a 500 c.c. volumetnc flask; dilute to the mark; mix well; 
take one-half and put through the reductor for iron, as in iron 
ore, and finish the other part in 60 and 100 c.c. portions for 
manganese as in' steel, proceeding according to whether the 
manganese is over or under 2 per cent Mn. 

Aluminum.- As just described, the 500 c.c. of the iron- 
chromium aluminum solution .are peroxidized until a filtrate 
and washings are obtained that are free from yellow tint and 
do not give even a slight cloudiness when made just neutral to 
turmeric paper and still slightly acid to litmus i)aper. 

The several alkaline filtrates and washings together with the 
small filtrate from the water solution of the sodium carbonate 
fusion of the filter ashes (the water solution in which the few 
drops of alcohol were heated to precipitate any manganate) 
will contain all of the Cr and A1 and V (if any is present) in 
one-half gram of the alloy. 

These filtrates and the small alcoholic filtrate are each in 
turn neutralized to tunneric with HCl as fast as they are obtained 
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to note the amount of A1 beinp separated at each peroxidation. 
In this way one c.'in tell whether it is necessary to make another 
peroxidation or not. 

The piecipitates of At hydroxide obtained from the neu¬ 
tralization of these filtrates and washings are eombined on one 
15 cm. filter, after mixing in with them some ashless fitter paper 
pulp to aid the filtration and washing. Filter on a double filter 
paper. Wash with animoniuin nitrate water (5 grams of the 
salt dissolved in otX) o.e. of water). The washed A1 w'ill contain 
too much occluded salts for ignition and weighing, therefore it 
is dissolved off the filter with hot 1 : I IlCl, ixmring the latter 
back and forth over the paper and pulp several times, stirring 
up and u|)setting the latter to make sure that the acid gets to 
all parts of it. The paper and jiulp is then washed with 1 : -40 
HCl and then with waiter, stirring and upsetting the pulp fre¬ 
quently and permitting each washing to drain oft thoroughly 
before another one is ap|)tied. 

This filter paper and jiiilp is saved to burn with the repre- 
cipitated Al. The A1 can now be preci|)itated from the hot 
filtrate and washings free of occluiled salts with slight excess of 
ammonia. It is boiled two or lliiee minutes, filtered off and 
washed as before. It is smoked off in a iilatinimi crucible in 
which the previous filter jiaper and pulp (from the crude Al 
solution) has been burneil. d'he carbon-free ash is blasted to a 
constant weight and weighed as AljOi (iliis a little CivOa plus 
a little Si 02 plus a little Pi.Os if any of tfie latter be in the 
reagents. 

The AI 2 O 3 , etc., afti'r blasting and weighing, is evaporated 
with 7 c.c. of HF and 4 c.c. of 1 : 4 IbfiOi; ignited and weighed 
again as Al 20 ;i plus a tittle (ViOit plus what little P 2 O 5 is gathered 
from the reagents. To correct for the two latter impurities fuse 
the AI 2 O 3 , etc., with twenty times its weight of Xa 203 plus the 
equal of its weight of niter at a bright red heat for thirty minutes. 
Dissolve the fusion out in water. I'ransfer it to a porcelain 
dish; acidulate it with Ilf4; heat with the cover on until most 
of the CO 2 is gone and all is in clear solution; cool; transfer to a 
500 c.c. volumetric fla.sk; dilute to the mark; mix well; take 
250 c.c. and evaporate it twice to slight fumes with 1 : 3 H 2 SO 4 ; 
cool it; add water; heat until all is dissolved and finish for Cr 
as in steel; calculate the Cr so found to Cr 203 by use of the factor 
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1.4615. Deduct the milligrams of Cr 203 so found from the 
A 120 . 1 , etc. The remaining 250 c.c. are converted to nitrates 
by evaporating twice to 10 to 15 c.c. with 75 c.c. of cone, nitric 
acid; transfer to a 150 c.c. beaker. Finish for phosphorus as in 
steel; multiply the milligrams so found to P 2 O 5 by u,se of the 
factor 2.2886. Deduct the PaOs obtained from the A^Os, etc., 
remaining after Cr 203 was deducted. The ADO.i having been 
freed of Si 02 by the HF and corrected for Cr 20 :) and P2O5, the 
remainder of weight is now cahadated to A1 by use of the factor 
0.53033. This product multiplied by 100 and divided by 0.500 
will give the percentage of A1 in the alloy 

Ikon and (iHito.MiuM (Second) 

Iron.—The other ,5(X) c.c. portion of (ho original liter solution 
of the 1 gram of the alloy by HF atid IDSOj and IINO 3 can be 
divided into two parts - 2,50 c.c. (equal to 0.2.50 gram of the 
sample), and put through the reductor and titrated for iron, as 
Cr does not interfere with this titration with standard KMn04 
except the color effect it may have on the pink (uid-point. 

Chromium.—200 c.c. of the liter solution (equal to 0.200 gram 
of the sample) can be boiled with an excess of KMn 04 ; filtered; 
and the filtrate finished for Cr by titration with standard ferrous 
ammonium sulphate, back titrating to a slight pink with standard 
KMn 04 as described on page 17. Or by use of pota.ssium 
ferricyanide as an internal indicator it can be titrated to a blue 
end-point with standard ferrous ammonium sulphate, alone, 
for Cr.‘ 

The total Cr can also be obtained by combining all of the yellow 
filtrates from the A1 hydroxides precipitated by neutralizing the 
alkaline filtrates obtained when the A1 is separated from the 
iron, etc., by peroxidation. Add to the Cr so found the small 
amount found in the final AI 2 O 3 . 

Method for Soluble Ferro-chromium and Metallic Chro¬ 
mium.—Low silicon ferro-chromium and metallic chromium are 
of this typo. The method answers well for Fe, Mn, Cr, Al, 
Ni, Cu and Si, but not for P or As. 

Method .—Dissolve 1 gram of the finely powdered alloy as 
far as possible in 40 c.c. of 1 : 3 sulphuric acid. Evaporate to 
slight fumes of SO3. Redissolve in water and a little more 
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H2SO4, heating until all sulphate of iron is in solution; filter 
out the silica; wash it with 1 : -10 H 2 SO 4 ; then with water; 
evaporate the filtrate and washings again to slight fumes, only. 
If taken to heavy fumes, the anhydrous* chromium sulphate 
formed is very insoluble, d'akc up again as before, filtering out 
the silica that may not have btien separated by the first evap¬ 
oration. Wash free of iron as in the first evaporation. Burn 
the silicious residues from the two evaporations togi'ther; ignite 
and weigh; evaporate with 15 (re. of IIK plus 10 dro[)s of 112804 ; 
ignite again as before. 'I'Ik' 1o.ss of weight eipials the SiO^, 
which, multiplied by 10.90, gives the Si. 

The residue in the laiuable after the HF evaporation and 
weighing is fused with twenty times its weight of Na^t'O.) and 
the etpial of its weight of niter; the melt is dis.solved out in 
water; the crucible is cleaned by warming in it a little 1 : 1 
H 2 SO 4 ; the water solution is acidulated with llaSOi; heated 
until all is dissolved and athhal together with the cleanings of 
the crucible to the main filtrate from the last evaporation to 
remove the last of the silica. 

The filtrate and washings now contain all of the ('r, Mn, 
Fe, .\1, Cu, Ni, and V in the alloy, and the.se elements are deter¬ 
mined e.\u(fily in the .same manner as described when the alloy 
is dissolved in HK plus HNOj plus HaStN. 

('op}>KH .4NO Nickel 

• 

Get 1 to 5 grams of the sample into solution by the HF— 
HNO3 —H 2 SO 4 method or by the method for soluble ferro- 
chrome; saturate the sulphate solution with H 2 S; filter out the 
copper sul[)hide; wash it with slightly acidulated H 2 S water; 
finish the copper as in steel. The filtrate and wa.shings from 
the copper arc evaporated to slight fumes, adding a few crystals 
of KClOa before the evaporation becomes too concentrated. 
(Chlorate explodes if heated with concentrated sulphuric acid.) 
The oxidized sulphate solution can then be finished by precip¬ 
itating the nickel out with dimethyl, keeping the Cr and Fe from 
precipitating by use of citric acid. Sec methoil for steel. When 
the sample is gotten into solution by the method for soluble 
ferro-chrome and metallic chrome, the H 2 S should not be passed 
until the residue from the HF evaporation is fused, dissolved, 
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and put back into the main filtrate from the silica as this resmue 
may contain an appreciable amount of the copper. 

Blanks and Check Mixtures .—The operator should without 
fail run blanks when making any of the determinations described 
under the Analysis of Ferro-Chromium. The iron can be added 
in the form of a steel of a known iron content or a standard 
iron ore. The chromium can be added as recrystallized potas¬ 
sium dichromate; the copper as metallic copper; the nickel as 
the double sulphate of nickel and amnionium; and the A1 as 
metallic Al. As the latter is very slightly .soluble in H2SO4, it 
can be first dissolvetl in H(d; convert(!d to sulphate by fuming 
it with H2SO4 and then added to the solution of the mixture 
before evaporating it to dryness to get the silicon blank. 

Sulphur by Evolution in a Stream of Hydrogen Saturated 
WITH HCl; AT A Temperature of about 950° C. 

Place 0..500 gram of the finely powdered sample in a tapered 
clay combustion tube; fill the cold tube with the H; turn on 
the electric current; raise the heat gradually to 950° C.; con¬ 
tinue to pass the acid hydrogen, catching the II2S formed in a 
10X1 inch test tube filled throe-fourths full of ammoniacal 
cadmium chloride solution. Change absorbing solution every 
forty-five minutes until a tube is obtained that shows no cadmium 
sulphide. Finish by titrating with iodine standard as in steel. 

Chromium in Chrome Ore 

Fuse 0.6 gram with 8 grams of sodium peroxide in a 45 c.c. 
porcelain crucible. Keep the fusion molten for five minutes. 
Three or four melts can be made of chrome ore in a porcelain 
crucible before the peroxide cuts through. 

Place the crucible in a 375 c.c. casserole. Cover with a watch 
glass. Stand the crucible in the bottom of the casserole. Allow 
water to flow slowly down the under side of the watch glass and 
drop into the open crucible. The melt promptly bods up and 
dissolves in a few moments. Remove the crucible. Boil the 
water solution, without filtering, for one-half hour to remove 
all hydrogen peroxide. The excess of peroxide would reduce 
some of the chromic acid, if allowed to remain, just as soon as 
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the fusion is ariclulatcxl with the sulphuric iiciil. Add 50 c.c. 
excess of 1 : 3 sulphuric acid. 

Add 3 c.c. of the ferricyaiiidc indicator to the ladd sulphuric 
acid solution and titrate it as in fcrro-^hronie, usitiR the same 
standard. Standardize by fusiiij!: ().31f) (rram of potassium 
dichroniate in 8 tjranis of peroxide in a poreelain erueihle, and 
complete the operation as in actual analysis. Multiply the number 
of milligrams of metallic chromium found by 1.52 and divide 
by 104 to obtain the milligrams of chromium oxide in the ore, or 

CrX |!| = Cr 2 (),,. 

As the samples of ferro-chromiiim and chrome ore are likely 
to vary somewhat, especially m the case of ferro-c.liromiiim, 
several determinations should be made of the same sample and 
the results averaged. 

Porcelain crucibles are not suitable for fusion of mc/ul.i with 
sodium peroxide, as great liicit is generated, c.ui.sing the crucible 
to crack. This is not the casi'm chrome ore. 

Insohjiilk Fiaiiio-ciiitoMirM 

Ferro-chrome that is not att.acki'd by acids can be conven¬ 
iently as.sayed for chronnuni as given for chrome ore, but as 
the porcelain crucible usually (tracks during the cooling a new 
crucible is needed for each fusion.* • 

Weigh 0.500 f gram of the finely ground ferro and fuse it 
with 8 grams of sodium peroxide. 

The Determination ok ('iiromium in Ferro-chromium 
BY Fusion in an Iron (Irucible 

Fuse 0.200 gram of the ferro if the chromium is about 65 to 
70 per cent in chromium content, or a proportionately larger 
weight if the chromium content is lower, in a 70 c.c. iion crucible 

• Iron crucibles arc preforalilc for this work. Use a 65 c c. crucible. 
Keeping the lid on, grasp the body of the crucible with the forceps; hold it in 
the flame of a Bunsen burner until molten. Then give the crucible a slight 
rotary motion for a period of three or four minutes, or until the entire mass 
is in a state of homogeneous fusion. 

t From 0.2 to 0.25 gram if Cr in the ferro exceeds .50 per cent Cr. 
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with 8 grams of sodium peroxide. In making the fusion the 
crucible is held in a pair of tongs and given a moderate swirling 
motion in the flame of an ordinary Bunsen blast burner. In 
two minutes the melt should be liquid and after two more minutes 
the fusion should be perfect. During the fusing it is wise to 
place the burner in an enameled ware pan as, in case the flux 
cuts through the crucibh', the drops of the red-hot flux will be 
caught in the pan, instead of being spread far and wide. After 
cooling the crucible is plaeeil in a 600 c.c. (aisscrole; a lid is 
placed on the latter and the fusion is dissolved in 1,50 c.c. of 
water, which is allowed to flow very slowly dowm under the 
watch glass into the, o|)en crucible. The water solution of the 
fusion is boiled for a half hour to remove all hydrogen peroxide; 
the crucible is removed from the casserole; 150 c.c. of 1 : 3 sul¬ 
phuric acid arc added; and the solution is heated for ten minutes. 
The iron Bcalcs arc filtered out on an asbestos plug (sec page 298) 
and the plug is washed with water thoroughly; the filtrate and 
washings are diluted to 400 c.c. with distilled water; 3 c.c. of 
indicator arc added (5 grams of potassium ferricyanidc dis- 
.solvcd in 120 c.c. of water) and the solution is titrated to the 
first distinct bhu! with the same standard as given on page 174. 

Chrome Ore .—Chrome can also be an.alyzcd as above for 
chromium, taking 0.,500 gram for the analysis; but for the most 
a(^curate work the author prefers the method given on page 184, 
as the fusion in porcelain dissolves in the sulphuric in the most 
satisfying way, being as (dear as a filtered solution except for a 
few scattering pure white flakes of floating silicic acid. 'I’lic 
fusion in porcelain is also desirable for iron determination as 
the sulphuric acid solution can be reduced at once without .sc])a- 
rating the chromium and titrated for iron with the standard 
permanganate solution (see page 443). 

Standardization.—For cither of the above methods fuse 
0.400 or 0.450 gram of recrystallized potassium dichroniate in 
8 grams of the sodium peroxide and put the same through all 
of the above operations and titrate the resulting solutions with 
the permanganate solution to be standardized, calculating the 
chromium value of the standard in the same manner as given 
on page 174. 
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Paut II 

THE ANALYSIS OF CHROME CEMENT 

Ignition Loss .—Heat 1 gram of wimple for a half hour in a 
weighed platinum crucible at a bright heat and weigh the cru¬ 
cible and its contents again and note the loss of weight. Return 
the crucible to the flame and heat at ten-minute intervals until 
the loss for ten minutes heating no longer exceeds 0.0002 gram. 
The total loss of weight is calculated to percentage as the ignition 
loss. 

Silica, Iron ami Almniiinm Oxides. Fuse 0.5 gram of sample 
with 15 grams of potassium acid sulphate (KHSO 4 ) in large 
platinum crucible, in the manner de.scribed on page 56, until a 
clear solution is obtained. Cool; dissolve in water and hydro¬ 
chloric acid. Boil; filter off the .silica; wash it; finish it as 
usual getting the loss of weight with HF and a few drops of 
cone. H 2 SO 4 . The residue remaining in the^ crucible after this 
evaporation and ignition is fused with 4 grams of KHSO 4 . 
Dissolve it as in the main fusion, adding the solution to the 
main filtrate from the siliiai. This filtrate contains all of the 
iron and aluminum. The aluminum is separated from the iron 
by peroxidation with .sodium peroxide until a filtrate is obtained 
that does not show any more precipitate with the HCl than a 
blank determination. (See page 178.) The iron on the filter 
from the last filtration together with any that may be adhering 
to the walls of the peroxidation flask is dissolved in HCl and 
finished by reduction with stannous chloride as in iron ore. 
The iron found is calculated to FeO. The aluminum is purified 
from occluded salts by redissolving it in HCl and reprecipitating 
it with a slight excess of ammonia. Before filtering off the 
aluminum it should be boiled for some minutes. It is washed 
with ammonium nitrate wash, ignited, blasted, cooled and 
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weighed as AI 2 O 3 plus a little silica which is removed by evap¬ 
oration with some HF plus 10 drops of cone. H 2 SO 1 . Deduct 
blanks. 

Chromic Oxide .—Fuse 0.3 or 0.4 gram of the sample in 8 
grams of sodium peroxide in an iron crucible and finish as in 
chrome ore. (See page 184.) 


RESULTS 



Per Coni 


Prr Cont 

Ignition loss 

2 34 

Silica 

3 21 

Iron monoxide (FeO) 

30 00 

Chromic oxide (Cr2O0. 

40 80 

Alumina . 

j 23 20 i 

i 

i 



Note. —Sodium carbonate fusions arc not successful as a method of 
decomposing the above cement. 
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Pa nr I 

THE DETERMINATION OF LARGE AND SMALL PER CENTS OF 
ALUMINUM AND ZIRCONIUM BY FIRST REMOVING THE 
BULK OF THE IRON WITH AMMONU 

Ali mini'm in Plaln Steel 

Dissolve on a low flame 5 or 10 grains of steel in AO c.c. 1 : .'I 
H 2 SO 4 diluted with 50 e.e. of water. After aidion is over filter 
off the insoluble residue whieli is mainly carbon and carbides, 
wash it twenty-five times with dilute IInSO-i wash. Call this 
filtrate and washings (A). 'I'he insoluble residing may laintain 
Al, so it must be ashed in a platinum erueible at a low heat; 
cooled; 0 c.c. of HF plus 0 c.c. of 1 : 0 sulphuric acid added; 
evaporateil to thick funu's of SO.i; cooled; a little water added; 
heated to dissolve the sulphates and the chair solution is added 
to (A). Then dilute (A) to 250 c.c. volumi' with water and add 
slowly 1 : 1 ammonia with constant stirring until the reddish 
precipitate changes to a blackish color. Atl Ihe aluiniiiatn is pre- 
cipitated with but 2 or 4 per cent i>f the tront Filter aluminum 
plus a little iron off at once; redi.ssolvc it in 50 c.c. hot 1 : 1 
HCl, pouring the acid back and forth until all the iron and alu¬ 
minum are in solution. Wash the filter paiK'r about forty times 
with dilute HCl water. Pero.xidize the filtrate with sodium 
peroxide until the solution changes red litmus palmer to a blue. 
Add about 5 grams of sodium carbonate; bring it to a boil and 
filter off the iron. Wash the jirecipitate about thirty times 
with water. 

If the pulp mixed with the precipitate is washed thoroughly 
no more aluminum will be left witii the iron, otherwise it is neces¬ 
sary to redissolve the iron in hot 1 : 1 HCl and make another 
peroxidation. To the filtrates add 1 : 1 HCl with constant 
stirring until turmeric paper does not change even to faintest 
brown when dipped into the solution, but red litmus paper turns 
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slightly blue when dipped into it. Aluminum is precipitated at 
this stage. After a few hours, especially when aluminum per 
cent is low, filter off the precipitate and wash it about forty 
times with ammonium titrate, to remove the salts as far as 
possible. To free the aluminum from all sodium salts the alu¬ 
minum is redi.ssolved in 50 c.c. hot 1 : 1 HCl. Wash filter forty 
times with dilute HCl wash. (Wash the filter paper free of 
chloride with water and save it to burn with the main final pre¬ 
cipitate, as aluminum is liable to remain in the filter.) 

Precipitate the aluminum by adding 1 : 1 ammonia to the 
filtrate until faintly ammoniacal. Bring it to a boil and filter 
off the aluminum hydroxide. Wash it free of chloride with 
ammonium nitrate. Burn off in a weighed platinum crucible 
and blast it to a constant weight. Weigh it as AI2O3 plus Si02. 
Remove the silica by evaporation with a few drops of 1 : 1 H2SO4 
and 10 c.c. of HF. The remainder is AI2O3. Multiply by 
53.033 to calculate to percentage of aluminum. 


ALUMINUM RE(X)VE1UES FROM STEEL 


Weiglit of 
Taken 

Alaniiiiuni 

Addotl 

Aliiiiiliuini 

Found 

WfiKlit of 
Stful Taken | 

Aluiiununi 
Added ; 

Aluminum 

Found 

15 grams 
10 

r, 

.010 gram 
0‘20 

().■)() 

0102 gram 
0109 

nrm 

5 grains 

5 

i 

i 

030 gram 
l(K) 

! 

030 gram 
1005 


Same weights of steel without any aluminum added weri^ put 
through all of the foregoing operations and the blanks found 
were deducted from the above five samples. All filter papers 
from which any precipitates are dissolved off with acid must 
be washed free of iron and ashed. The ash is always liable 
to contain some Al. This ash is fused with twenty times its 
weight of sodium carbonate at a bright red heat; the melt is 
dissolved out in 1 : 1 HCl; a peroxidation is made of it in a 
small volume and any aluminum it contains is gotten exactly as 
in the foregoing, and burned off with the main aluminum before 
it is evaporated with HF and a little H 2 SO 4 to remove the silica. 

By the method as given extremely small amounts of Al can 
be detected and determined with great accuracy. 

Te»l Mixture .—Dissolve a known amount of metallic alu¬ 
minum in 1 : 1 HCl, fume it with 1 : 3 H 2 SO 4 , dissolve in water, 
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and 1 : 3 H 2 SO 4 ; and add this Al sulphate to the sulphuric acid 
solution of a plain carbon steel before iti is filtered free of the 
free carbon and carbide residue. TIjen put this through all 
the operations. Any of Al recovery in- exc('ss of the amount 
added, epuals the blank to be deducted. Use same weight of 
plain carbon steel as is used for the Al steel. 

Notk. ah U, V, Cr, Zr, and Ti present eonie down with the aluminum, 
and are filtered off with the Al away from the bulk of the iron when the 
first ammonia precipitation is made. The above method for Al removes 
everything away from the Al except small eonlammations of Cr and V, if 
the.se two elements be present m large qiiaiitilie.s 'I'o correct for traces of 
t.r and V, the AbOs plus a little (tr and V oxides can be fused with sodium 
carbonate and a little niter in a platinum erueible; the fu.sion di.-wolved out 
in water; made acid with Httl and heated until m clear solution in a casserole; 
converted to sulphates; boiled with a slight excess of KMiith; filtered 
through a por uta filtering crucible; titrated for V and Cr in the usual way 
with KMnO, standard and ferrous-ammonium iron sulphate standard, with 
ferricyanide as an internal indicator. The V and Cr so found are ealeulated 
to ViOft and CrjOj and dedueteil. All this is rari-Iy necessary, but should be 
done if the AljOj is not fairly white or looks grayish from CriOj or golden 
yellow from V 2 O 5 . 

Aluminum and Zirconium 

Dissolve 4 grams of sample in .'>() c.c. of 1 : 3 H 2 SO 4 diluted 
with 50 c.c. of water. .After action is over, filter off the insoluble 
residue which is mainly carbides. Wash the carbides twenty- 
five times with dilute wash. Call thij filtrate and wa.sh- 

ings (A). The insoluble carbides will contain .some Al and Zr. 
Ash these in a platinum cruciblt; at a low red heat. Cool; add 
6 c.c. HF plus () c.e. of 1 : 3 H 2 S(t 4 ; evaporate to thick fumes; 
cool; add a little water, heat until all sulphates are in solution 
and add latter to (A). Dilute (A) to about 250 c.c. volume with 
water and add 1 : 1 ammonia with constant stirring until the first 
appearance of a black precipitate forms. Add a feic drops in 
excess. At this stage all the zirconium and aluminum have been 
precipitated w-ith a very small percentage of the iron. Filter off at 
once and redissolve precipitate in 50 c.c. of hot 1 : 1 H(^l. Wash 
the paper with dilute H('l wash till it looks perfectly white. Con¬ 
centrate the filtrate and washings to about 50 c.c. volume and 
peroxidize with sodium peroxide till the solution is alkaline. 
This peroxidation is carried out in the following manner; add 
from a small porcelain spoon about 1 gram at a time of NajOg. 
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Rinse off spoon into beaker with each addition of the peroxide and 
stir the solution each time and so on until the solution is alkaline. 
By this process the voli,>me reaches about 300 c.c. by the time it 
is alkaline. Then add 5 grams of Na 2 C 03 ; bring it just to a boil 
and filter off the iron and zirconium. Wash precipitate with 
water about twenty-five times. The filtrate contains the alu¬ 
minum. Redissolve the iron and zirconium in .50 c.c. of hot 
1 : 1 HCl and peroxidize again as before to remove the last 
traces of aluminum. 

Add to the filtrate 1 : 1 H(d with constant stirring until 
turmeric paper does not change even to a taint brown when 
dipped in the solution, but red litmus paper gives a slight alkaline 
reaction. Keep cover on while adding the acid. Leave alu¬ 
minum settle for a few hours and aft.(U' filU'ring it off, wash it 
about forty times with ammonium nitrate wash. Redissolvo 
the aluminum with hot 1 : 1 HC3; wash it with dilute HCl 
water (w’ash the papers also with water and burn off with the 
main precipitate as some aluminum is liable to remain in the 
papers). 

To the filtrate and washings add 1 : 1 ammonia till slightly 
ammoniacal. Aluminum is precipitated. Now bring it to a 
boil, filter it off and wash it free of chloride. .Burn it off in a 
weighed platinum crucible to a constant weight. Remove the 
silicon by evaporation with IIP acid and a few drops of 1 : 3 
H2SO4; again we’gh as ALOa. Multiply by 53.033 to calculate 
to percentage of aluminum. 

Iron and Zirconium 

The iron and zirconium on the filter arc dissolved in 30 c.c. 
of hot 1 : 3 H 2 SO 4 diluted with iiO c.c,. of water. Wash the 
paper about forty times with dilute sulphuric wash. Add to 
the filtrate 20 c.c. of a saturated solution of Na2HP04 (di-sodium 
phosphate); stir well. Add 1 : 1 ammonia slowly till a pre¬ 
cipitate just starts to form. Zirconium phosphate comes down 
at this stage with very little iron as the solution is still acid and 
most of the iron is in solution. The more zirconium with the 
sample the less ammonia it is necessary to add liefore a pre¬ 
cipitate starts to form. After a few hours, preferably overnight, 
filter off the zirconium phosphate plus some iron phosphate, 
plus some silicon. Wash the phosphate with water forty times. 
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Burn it off in a weighed platinum eru('il)le. Add about 10 drops 
of cooc. sulphurio a<ad and 10 e.e. IlFl, Eva|)orate just to SO 3 
fumes. Transfer tlu; insoluble residue into a beaker. 'Flu* iron 
phosphate will be in solution as iron sulphate while the zireoniiim 
phosphate is insoluble. Warm the .solution for a while to redi.fsolvc 
the iron sulphnie lliat may be separated out. Filter off the in.soluble 
residue; wash it about fifty times with water and burn it off 
in the same platinum crueible. (Some of the zireoniiim may 
stick to the crucible and cannot be transferred to the filter.) 
Burn it to a constant weight and weigh as zirconium phosphate, 
using the original weight of the enieible gotten just before th(“ 
zirconium phosphate plus a little iron phosphate was burned in 
it. Multiply by O.dS.'iti to calculate to zirconium. 

Standards were prepared by adding a known weight of metallic 
test aluminum and Zr ()2 (Zirconium .\lba) to a plain steel; 
treated the same way as the samples. The recoveries are accu¬ 
rate. See table below. 

Test Mixtures of Fc, Al, and Zr. - (1) Fii.si' Zr ()2 with pota.s- 
sium bisulphate, dissolve the melt in dilute sultihiiric acid to get 
it in solution. 

(2) Dissolve metallic aluminum in 1 : 1 Hdl; fume it with 
sulphuric acid. Dissolve in water to get it in solution. 

(3) Pour (1) and (2) into the sulphuric acid solution of the 
drillings of the plain steel. 


RECOVEHIE.S 

- » 


A.l.loH 

i KiiUlKi 

1 

015 gram aluminum 

0161 gram aluminum 

030 t^ram aluminum 

031 gram aluminum 

050 gram aluminum 

0495 gram aluminum 

025 gram aluminum 

0265 gram aluminum 

.oil gram zirconium 

0108 gram zirconium 

'.022 gram zirconium 

0214 gram zirconium 

0368 gram zirconium 

0365 gram zirconium 

.0184 gram zirconium 

0185 gram zirconium 


SAMPLE ' " SO-CALLED “ZIRCONIUM STEEL" SUBMITTED 


FOR ANALYSIS 

Sample A. .. Al, 41 per cent; Zr, 13 per cent; .Si, 77 per cent. 

Sample B.Al, 50 per cent; Zr, 17 per cent; Si, .75 per cent. 




CHAPTER VII 
Part II 

THE COMPLETE ANALYSIS OF ZIRCONIHM-NICKEL-ALaMINUM- 

IRON ALLOY, FERRO-ZIRCOHIUM. AND ZIRCONIUM STEEL 

This alloy was offered as “Zirconium-Nickel,” but the analysis 
showed it to be more of a nickel-aluminum combination. 

Method. —0.5 gram of the alloy is ilissolved in 90 c.c. of 1 : 1 
HCl over a low Hame. It is a decided advantage to get rid of 
the bulk of the nickel by an ammonia separation; the Al, Ti, 
Fe, and Zr arc precipitated with 1 : 1 ammonia, adding the 
reagent until it is in excess and then an excess of 15 c.c. The 
volume at this |X)int is alrout 200 c.c. 

Dissolve the precipitate off the filter with hot 1 : 1 HCl; 
wash the filter thoroughly with IK'l water about sixty times; 
then about ten times with water. Burn off this paper in a 
platinum crucible and evaporate the ash with HFl and a few 
drops of H 2 SO 4 to remove the silica. Hold this residue to add 
to the main preuipitate. The above IICl solution of the Al, 
Zr, Fe, Ti is again precipitated with an excess of ammonia to 
remove the rest of the nickel. This precipitate is burned off 
in the same platinum crucible as the first ash. 

F'use the total ash with 15 grams of KHSO4, cautiously, 
very gradually raising the heat to low red and until all is dissolved 
to a clear melt. Dissolve this fusion out in 200 c.c. of H 2 O 
plus 20 c.c. H2SO4 cone. Add 30 c.c. of ammonia cone.; stir 
well; add 1 or more c.c. of hydrogen peroxide solution to bring 
out the /wW brown color of titanium if any be present; and then 
15 c.c. of a saturated solution of Na 2 HP 04 . Let the precipitated 
phosphate of zirconium stand overnight in this add solution; filter 
out the phosphate; wash the same with water thirty times; burn 
off the precipitate in a platinum crucible and fuse it again as before 
with 15 grams of the KHSO4 ; dissolve the fusion as before with a 
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mixture of 10 c.c. of cone. H2SO4 and 200 c.c. of_water and add 1 
c.c. or more of H 2()2 to note if any t itanium still remained with the 
precipitate before it wa.s fused tlu; second time with KHSO 4 . 
Add 15 c.c. of (mnc. ammonia and 15 c.c. Of a saturated Na 2 HP 04 
solution; let stand overnight again; wiush with water sixty times. 
Burn off the precipitate and weigh the zirconium phosphate, 
which contains 38.30 per cent of metallic zirconium. 

If a large amount of iron be present, this zirconium will 
contain some phosphate of iron which must be deti'rmined by 
fusing the phosphate of Zr again as before with KHSt) 4 , dis¬ 
solving it in 15 c.c. of cone. 112804 ; and 200 c.c. of water. This 
solution is |)ut through the .(ones reductor and the iron titrated 
with standard permanganate. The iron so found is calculated 
to ferric phosphate and deducted from (ho total phosphates and 
the remainder is calculated to zirconium by use of the factor 
0.3836. 

The Silicon 

The silicon is found by dissolving 0.5 gram of the alloy in 
90 c.c. of 1 : 1 H(ll and 60 c.c. of cone. 112804 in a porcelain 
dish; evaporate to heavy fumes; cool and dissolve in 60 c.c. 
of HCl cone.; filter, wash first with dilute HCl and then with 
water; ignite in a platinum crucible; weigh; evaporate with 
HF and a few drops of H 28 () 4 ; ignite and weigh again; the 
last weight deducted from the first weight giving the silicon by 
difference. * 

The Iron, Aluminum and Titanium 

The combined filtrates and washings from the two phosphate 
precipitations are precipitated with a slight excc.ss of ammonia; 
boiled a few minutes and the combined precipitates are washed 
with water; burned off in a platinum crucible at the lowest red 
heat. The igniting of this precipitate at a high red heat renders 
the aluminum less soluble in the subseciiient fusion with sodium 
carbonate. This ash is then fused with 15 grams of Na 2 C 03 
at a bright red heat. The fusion is dissolved out with water in 
a platinum dish; filtered; the filter is washed with water. The 
iron and titanium will be on the filter and the most of the alu¬ 
minum will be in the filtrate and washings. To extract the 
remainder of the Al from the Ti and Fe the filter is ashed at a 
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low heat and again fused; leached out; filtered; washed as 
before with water. This filtrate and washings should contain 
the remainder of the aluminum. If considerable A1 is contained 
in this last filtrate and washings from the Ti and Fe, then tlie 
latter should be iished at a low heat and again fused, etc. 

The three sots of filtrates and washings from the sodium 
carbonate fusions are then titrated with 1 : 1 HCl until they are 
just neutral to turmeric paper to precipitate the Al. Each one 
can be titrated separately to note the amount of Al in eacdt. 
If No. 2 shows very little Al and No. 3 none or only a trace, 
then the operator can be certain that all of the Al has been 
separated from the Ti and Fe. 

The Al precipitates are redissolved off the filters with hot 
1 ; 1 HCl; th(i filters thoroughly washed with water and the 
solution and washings are re|>recipitatcd again with the smallest 
possible excess of ammonia. 'I'he reprecipitations should now be 
free of soda salts and can be filtered, washed with ammonium 
nitrate wash until free of ('lilorine test; the reprecipitated alu¬ 
minum is then washed; ignited; and weighed as AI 2 O 3 plus some 
phosphoric! acid. After the precipitate has been blasted to a 
constant weight it should be fused with Na 2 C 03 , at a bright red 
heat; the fusion is then dissolved in HCl evaporated low; con¬ 
verted to nitrates by two evaporations with 60 c.e. portions of 
cone. HNO 3 , each time to 10 c.c. or as low as possible, avoiding 
the crystallizing of sodium salts. This solution is then boiled 
with a permanent excess of ix^rmaiigaiiate; cleared with iron 
salt and finished for phosphorus as in steel. 

Calculate the phosphorus so found to PiH.'; and deduct the 
amount from the AlcOn |)lus P 2 C 5 to obtain the AI 2 O 3 , which 
calculate to metal by use of the factor O.-IOOdO. It is also advis¬ 
able in close work to evaporate the AI 2 O 3 , P 2 O 6 with a little 
HF and 4 or 5 drops of cone. H2S()4 and weigh again before, 
determining the P 2 O 5 , as a little silicia is almost sure to be gathered 
up from the reagents and glassware in the course of the analysis. 
It should be always borne in mind that any filter papers from which 
aluminum hydroxide has been dissolved should, after thorough 
washing with nitrate wash (5 grams of ammonium nitrate in 500 c.c. 
of distilled water), be ashed and saved as part of the aluminum, 
as aluminum hydroxide is difficult to dissolve and entirely wash 
out of a filter paper. 



Ti AND Fe IN NICKEI^ZIRCONUIM 


197 


Titanium and Iron 

The residue on the filter from the *>econd or third fusion 
with sodium carbonate to remove the aluminum from the iron, 
titanium; aluminum ash, will contain all of the iron and titanium 
now free of Al. Dissolve this residue off the filter with 30 e.e. 
of cone. IKil diluted with 30 c.e. of water. Pour tlii.s acid hack 
and forth, hot, over the filter until all the residue is completely 
dis.solved. Wash the filter thoroughly with dilute acid wa,sh and 
then with water. Dilute the filtrate and washings to 200 e.e. 
Divide into two portions, taking one portion for the iron and 
the other for titanium. 

To each portion add 30 v.c. of cone. Il.;SO| and evaporate 
them to thick fumes. Add 1.50 c.e. of water to the iron portion 
and boil until all salts of iron are in solution. With volume .still 
at 150 C.C., pass the solution through the zinc rediictor slowly 
and titrate it with standard KMnOj for iron in the usual way. 

The titanium half is made almost ammoniacal and 10 urams 
of hyposulphite of sodium arc added and heateil; the titanium 
is precipitated; it is filtered off; washed fifty times with sul¬ 
phurous acid water (5 c.c. of cone. IDSO,-) in .500 c.e. of water). 
The titanium precipitate is burned oil, and if it is not white it 
is fused with 10 grams of KHSO4. d'he melt is dissolved out 
with 30 c.c. of cone. 112^04 diluted with 1.50 c.c. of watiir; made 
neutral with ammonia and again precipitatefl 1*1 before by boiling 
with 10 grams of “hypo.” This precipitate is washed; ignited 
and weighed a.s Ti 02 , which is calculated to Ti by use of the 
factor 0.60049. 

RESULTS OF ANALYSIS OK .SO-CALLED “NICKEtoZllK^ONIUM” 


t 

Carbon 

ALLOY 

0 06 

Manganese. 


0 06 

Nickel 


70 30 

Zirconium. . 


7 8.5 

Aluminum. 


12 98 

Iron 


3 67 

Silicon .. . .. 


4 87 


It will be seen by the above analysis that the true properties 
of zirconiuro aigkel^ are far from being demonstrated by such 
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a conglomoration of high ami low melting-point elements. It i.s 
100 per cent more of a nickel-ahiminum-silicon alloy than it is a 
nickel-zirconium one 

TeH Method, Formulas and Calculations.—The following i.s a 
convenient mixture to test one’s skill in carrying out the fore¬ 
going method: 3 grams of nickel ammonium sulphate, 150 grams 
of zirconia “alba,” which is sold as 99.5 per cent Zr 02 , and 0.048 
gram of aluminum wire assumed to be 99.5 per cent pure. This 
mixture should contain 0.110 gram of Zr, as ZrOo contains 73.89 
per cent Zr. From such a mixture 0.110 gram of Zr was recovered; 
and when 0.0995 Zr 02 were added 0.0984 gram of Zr 02 was 
found. In the latter case the zirconium was precipitated from 
a volume of 300 c.c. in the presence of 7 c.c. of free cone. II2SO4 
with 15 c.c. of a saturated solution of sodium-hydrogen phosphate. 
The zirconium, when precipitated in the pre.sence of considerable 
iron, will carry out considerable iron as phosphate, even after 
reprecipitation. After the final weighing as phosphate the iron 
is determined and deducted as already described. Assuming 
that the iron is present as phosphate, reP 04 , which contain.s 
37.00 per cent of metallic iron, then the iron found by passing 
the dissolved zirconium phosphate through the reductor is divided 
by 0.37 and the amount of phosphate of iron so found is deducted 
from the weight of the impure zirconium phosphate giving the 
weight of the iron-free phosphate of zirconium. 

The metaphojtphatc of zirconium so obtained is given as 
5 Zr 02 , 4 P 2 O 5 , when ignited; and unignited is given fis including 
8 H 2 O. The ignited salt would therefore contain 51.88 per cent 
Zr 02 or 38.36 per cent Zr. Dr. W. F. Hillibrand gives as refer¬ 
ence, Gmelin-Krauts Handbuch d. anorganischen Chemie, II, 
1, p. 703. 

The Analysis of Fbrro-Zirconium and Zirconium Steel 
FOR Zirconium 

The following method is given so r,s to apply even when much 
chromium and tungsten are present: 

Digest 1 gram of steel or 0.5 gram of ferro-zirconium with 
50 c.c. of 1 : 3 sulphuric acid until action ceases; add 50 c.c. 
of 1.20 HNO3 and take to fumes of SO3: cool; add 60 c.c. of 
1.20 nitric acid and take to fumes again; cool; add 100 c.c. 

See also page 191. 
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of 1 . 1 HCl and boil for ten minutes; add a paper pulp and 
filter into a 600 c.c. beaker. Wash well with 1:30 HCl until 
the washings give no iroti test; then wash twenty times with 
water. Hold the filtrate and wash the thng.sten residue on the 
filter paper with ammonia water. During this washing with 
ammonia water, stir up the pulp on the filter well, turning the 
same completely over. After the yellow color is all gone from 
the filter, it should be washed many times more to insure the 
perfect removal of the tungsten salt. This will require at least 
sixty washings with frequent turning over of the pulp mass on the 
filter. As the washed filter and pulp may contain some of the 
Zr, it is burned with the main Zr i)hosphate i)recipitate 
obtained from the main iron and chromium filtrate from the 
tungstic acid in the following manner: 

This filtrate and washings containing the main Fe, Zr, and 
Cr are taken to fumes after adtiing 50 c.c. of 1 : 3 H 2 SO 4 . The 
residue in the dish is dis.solved in 100 c.c. of water with heat 
and then made faintly but distinctly ammoniacal; add exactly 
4 c.c. of cone. H 2 S() 4 ; stir until all of the jjiecipitate obtained 
with ammonia is dissolved, then a<kl 15 c.c. of a saturated solution 
of Na 2 nP 04 and then 300 c.c. of water and let stand overnight. 

The precipitate of zirconium jiliosphate ,so olrtained should 
be washed well with water; burned off with the filter and pulp 
remaining after the removal of the tungstic acid with ammonia 
wash. The ash should contain the total zirconium together with 
a little chromium; a.sh from p!q)er; and somi; ifon that is always 
retained as phosphate. Weigh the total ash after lilasting five 
or six minutes. Add to this weighed ash 3 drops of 1 ; 3 H2SO4 
for steel (in case of a ferro-zirconium, add enough sulphuric acid 
to thoroughly moisten the ash) and 15 c.c. of HFl. Heat and 
evaporate to dryness; ignite and weigh. The weight at this 
point equals Zr and a little Fe. Then fuse the weighed Zr plus 
Fe residue with 15 grams KHSO 4 ; dissolve in 200 c.c. of water 
and 20 c.c. cone. H2SO4; take to fumes of SO 3 ; cool; add 100 c.c. 
of water; boil; and cool again. Run the solution slowly through 
the zinc reductor which will reduce the iron but not the zir¬ 
conium. Titrate the iron with standard permanganate; calcu¬ 
late the metallic iron so found to ferric phosphate by dividing its 
weight by the factor 0.37; deduct the amount of ferric phosphate 
so found from the total weights of the phosphates of Fe and Zr. 
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Calculate the remainder to Zr by multiplying by the factor 
0.3836 (SZrOa, 4 P 2 O 6 ). 

Test Mixtures .—To test one’s manipulations, 0.020 gram of 
Zr 02 can be fused with* 5 grams of KHSO 4 ; di.ssolved as already 
described and the solution is added to the H 2 S ()4 solution of 
the steel or it a ferro-zirconium is being analyzed a correspondingly 
larger amount of the zirconia alba can be used and added 
to the sulphuric solution of a ))lain steel. When larger amounts 
of zirconium, iron, and chromium are to be separated, con¬ 
siderable free acid is necewsary to keep back the iron and 
chromium. For example, it was necessary in one case to add 
as much as L'i c.c. of free cone. H 2 S ()4 in a 600 c.c. volume 
to hold back a big precipitab' of iron from coming down witli tin? 
zirconium. Fven with this large amount of free acid some iron 
phosphate was found with the zirconium phosphat(c 

By the above nuUlmd the following recoveries were made 
from a high tungsten-chromium steel: 


.\inouiif of I■'ll 8 ^‘l^ 

\i|(loi| 

\iiimiiit of Z1O2 
Kouiitl 

0 0149 Knim 

0 Dili’) gram 

0 OUSRiHin 

0 ()14;J gram 

0 OUlRi-am 

0 0142 gram 

0 0207 gram 

0 0290 gram 


RECOVERie.'S PROM PLAIN STEEL—NO O PRESENT 


Aiiumiil of Kii-sril Zrl >2 

Adil.nl 1 

Aniouiit uf Zr()2 

KuuikI 

0 0199 gram 

0 00186 gram 

0 0190 gram 

1 0 00190 gram 


(See Rapid Method Using Ammonia. Page 191) 


Silicon 

Fuse at a low heat 0.6 gram with mixture of 3 grams of sodium 
carbonate and 6 grams peroxide in an iron crucible. Heat until 
all is melted; about five or six minutes is enough. Longer 
heating only causes the iron crucible to lie heavily cut. Dissolve 
fusion out in water; clean the crucible with a little acid, acidulate 
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water solution of fusion with excess HCI and heat until all iron 
is in solution. Add 4.5 c.c. of cone. II 2 SO 4 and evaporate it to 
heavy fumes of SO 3 . Ca)ol, and then add some water and heat 
it again till all iron is dissolved; add a little sulphuric acid if 
necessary. 

Filter off silicon; vvasli it free of iron with a sulphuric wash; 
smoke off the paper and heat until residue is white. Weigh, 
then evaporate the ash with HF and sulphuric acid to fumes; 
heat to redness and weigh again. Loss of weight less blank from 
reagents equals the silicon. 


ZmcON’lUM 

Warm in the platinum crucible in which the silicon was evap¬ 
orated a few drops of 1 : 1 IK’l to flis.solve any trace of iron 
left therein and add this solution to silicon filtrate. Concentrate 
the latter to remove excess of free acid; peroxidize with sodium 
peroxide and finish as for zirconium in plain steel. 

When zirconium only is asked for weigh 0..5 gram of sample 
in a platinum dish; add slowly 1.5 c.c. of HF; warm it for a 
while; then add cone. HNO.i a few drops at a time till action 
ceases. Add 10 c.c. cone. H 2 S().i and take it to heavy fumes of 
SO 3 . Cool it, add water, and heat it again till iron is dissolved. 
Transfer to a 600 c.c. beaker and fini.sh as in plain zirconium 
steel. 



:hapter VII 

Part III 

THE QOANTITATIVE SEPARATION OF ZIRCONIA FROM IRON, 

TITANIUM, ALUMINUM, AND SaiCA AND THE ANALYSIS 

OF CRUDE ZIRCONIA ( ZIRKITE) 

Weigh 0.3 or 0.4 gram of the finelj^ ground mineral; and fuse 
it with 15 grams Na 2 C ()3 in which has been thoroughly mixed 
0.5 gram of KNO 3 . Keep the mass in a molten condition for 
twenty minutes; cool; dissolve out the melt in water; transfer 
from the platinum dish to porcelain; add 50 c.c. of cone. HCl, 
or enough to make the solution acid; boil off the CO 2 with the 
vessel covered; add 60 c.c. of 1 : 3 H 2 SO 4 ; evaporate to thick 
fumes of SO 3 . Cool; add 100 c.c. of water; heat until all salts 
are in solution; filter and wash with 1 : 40 II 2 SO 4 about fifty 
times. 

Place the residue on the filter in a platinum crucible; smoke 
off the paper and‘heat until all of the filter is gone; weigh; add 
15 c.c. HP and 10 drops of cone. H2SO4 to remove the silica 
by evaporating. Remove the excess of the HF and H2SO4; 
heat to redness; cool and weigh; calculate the loss of weight as 
usual to silica. The residue should be again treated with some 
hydrofluoric and sulphuric acids; evaporated; ignited and 
weighed to insure the complete removal of all of the silica. 

The residue left in the crucible after the complete removal 
of the silica is fused with 3 or 4 grams of KHSO 4 ; dissolved 
out in water and the solution is combined with the main filtrate 
from the crude silica. Add a slight excess of ammonia and then 
add 10 c.c. 1 : 3 H 2 SO 4 . Precipitate from this acid solution, 
which should have a volume at this point of 500 c.c. the zirconia 
as phosphate, using 20 c.c. of a saturated solution of di-sodium 
phosphate, and 20 drops of H 2 O 2 . Let stand overnight; wash 
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about twenty times with water. 'I’lie filtrate .should contain 
most of the iron, aluminum, titanium, and inauKanese. To 
insure a complete separation of the zirconium, tlu'. zirconium 
phosphate, after ipnition in a plalimmf crucible, is fusei) with 
10 grams of KllSt), until a clear nu'lt is obtained. Tlu; melt Ls 
dissolved out in water. 'I'lie solution is made slightly aunnoniacal; 
and then 10 c.c. of 1 ; 3 sulphuric acid arc added. The zir¬ 
conium is then reprecipitated as phosphate as before; filtered; 
and washed thoroughly. It is now free of iron, titanium, etc. 
It is burned off and weighed .as pure phosphate of zirconium 
which weight is calculated to ZrOa by use of the factor ().,')19. 
The phosphate precipitation is made in a volume of tilX) c.c. 
The zirconium phosphate should be washed at least sixty times 
with water to insure the removal of thi^ excess of the precijiitant. 
All of the Fe, Ti, Al, Mn are contained in the two sets of filtrates 
and washings from the two precipitations of the zirconium phos¬ 
phate. To these filtrates add a slight exces.i of ammonia which 
will precipitate the iron, aluminum, and titanium. Heat to boil¬ 
ing for five minutes; filter wash thoroughly with wati'r; burn 
off in a platinum crucible at a low red heat. Do not ignite, as 
it will render the .ahiminuni more difficult to fuse. Fuse the resi¬ 
due in the crucible with twenty times its weight of sodium car¬ 
bonate. Dissolve the melt in water; filter out the water-insoluble 
residue; wash it with water containing .') grains of sodium carbo¬ 
nate per 500 c.c. Roast out the, paper from this residue; fuse 
it; dissolve it out in water as before; filter it^ wash; and render 
the two sets of filtrates neutral to turmeric paper .as deain'ilaHl 
on page 195. The aliiminmn is then finished as dc.sciibed on 
page 196. Burn off the iron and titanium residue remaining after 
the removal of the aluminum by two fusions with .sodium car¬ 
bonate and the le.aching out with water, fi’iise the ash with 
sodium carbonate; dissolve out in water; acidulate with HCl; 
heat until all Ct )2 is gone; tran.sfer the clear solution to a 2.50 c.c. 
volumetric flask; dilute to the mark; evaporate one portion 
(125 c.c.) to thick fumes with 20 c.c. of 1 : 3 H 2 SO 1 ; add 100 c.c. 
of water and heat until all but floating matter, if any, is di.s- 
solved; dilute to 400 c.c.; add a slight excess of ammonia; then 
add 2 or 3 c.c. of 1 : 3 H 2 SO 4 (slight excess). Then add 10 grams 
of N 2 S 2 O 3 ; boil thirty minutes and finish for titanium aa de¬ 
scribed on page 51 for titanium. Multiply the weight of Ti 02 
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80 obtained by two to obtain the amount of it present in the 
original weight of sample taken for the analysis. 

The other 125 e.c. of the solution of iron and titanium is 
reduced by stannous chlfcride as described on page 443 for Iron. 

RESULTS OBTAINED ON KNOWN MIXTURES 

Addoil (Iramfl of ZrOs Found CiramK of ZrOj 

Added gnun of 0 297 Zr(K Found f£.mm of 0 294 ZrOs 

Added gram of 0 014 Fe.Oa Found gram of 0 0128 F 02 OJ 

Added gram of 0 0180 AI 2 O 3 Found gram of 0 0183 AUO* 

Added gram of 0 0099 'I'lOa Found gram of 0 0094 TiOi 

RESULTS OBTAINED FROM A SAMPLE OF CRUDE ZIRCONIA 


72 25 ZrOo; 4 40 FoiO^; 2 35 A!Ao 2 05 TiO,; 
16.00 SiOaj 0 64 Mn 02 ; 1 73 ignition; 0 87 CO). 



CHAPTER VIII 


Pakt I 

COPPER IN STEEL AND PIG IRON 

Dissolve 15 grunis of (Irillinf's in 500 c c. of 1.20 nitric acid 
in an 8(X) c.c. beaker. Heat until all action cea.ses. .Add an 
excess of KMnO^ solution of tin' sain(‘ strenfitli as used for phos¬ 
phorus in steels. Boil nently for tJiirty tninules. If the KMnOi 
disappears diiriiif; the boilinj;, add inoie of it. Steels require 
from 4 to 8 c.c. and pig iron from 25 to 30 c.c. of the permanga¬ 
nate solution. 

In pig iron add 5 c.c. of hydrofluoric aiad before boiling with 
permanganate of pota.sh. Heat t(*n iiiiniiti's. 'Ihen boil with 
the KMn 04 solution. 

After boiling the pig iron or steel with permanganate solution, 
add enough wet pulp to ni'arly till a .50 e.e. graduated cylinder. 
Filter through double 12 cm. lilters into an 800 c.c. beaker. Wash 
the pulp, etc., partly free from iron with a dilute nitric acid wash 
consisting of 5 c.c. of 1.20 nitrii^ acid diluted with 2(K) c.c. of 
water. This takes about forty washings.* 

To pig iron or steel containing from 0.010 to 0,050 per cent of 
copper, add at this stage 20 c.c. of a solution of potassium ferri- 
cyanide, made by dissolving 5 grams of the crystals in 120 c.c. 
of distilled water. Stir thoroughly and permit the solutions to 
stand. 

If the copper content is unusually high, add 2 c.c. of the 
ferricyanide solution for every milligram of copper supposed to 
be present in the steel. If nickel is iireserit, it is precipitated 
with the copper, but forms more slowly. 

As there is a tendency to form blue cyaniile of iron the filtra- 
tions should be proceeded with in about a half hour. Add as 

• Read near the top of page '208 concerning the addition of ammonia to 
prevent excessive formation of iron cyanide. 
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much paper pulp as in the first filtrations, filter and wash five 
or ten times with water containing 5 c.c. of ferricyanide solution 
per 100 c.c. of distilled water. Use a 15 cm. filter. 

Roast off the pulp ini a porcelain crucible. Dissolve the iron, 
nickel and copper oxides with 5 c.c. of cone, hydrochloric acid. 
Rinse the solution into a 200 c.c. beaker. Dilute to 150 c.c. 
with water and pass HjS for a half hour at a rapid rate. This 
removes the copper from nickel and any iron that may have been 
precipitated as cyanide. 

Filter on a small filter; wash twenty times with H 2 S water. 
Rum the paper in a 45 c.c. porcelain crmable. Dissolve the 
oxide in 20 c.c. 1.20 nitric acid, warming until all black residue 
is dissolved except perhaps an occiksional flake of carbon from 
the filter paper. Rinse the solution into a 5 ounce beaker, 
keeping the volume as low as possible for copper of 0.020 per 
cent and under, in order that the blue color with ammonia may 
be distinct. Copper as low as 0.015 per cent gives a distinct 
blue if properly manipulated. Now add a saturated solution of 
sodium carbonate, a little at a time, until a precipitate forms. 
Then add 0.5 c.c. of cone, ammonia. Titration follows with a 
standard solution of potassium cyanide, made by dissolving 
2.244 grams of pota,ssium cyanide and 5 grams of stick potas¬ 
sium hydroxide in water and diluting to 10(K) c.c. One c.c. of this 
standard should equal about 0.()00(i4 to 0.00069 gi'am of metallic 
copper. Standardize the solution by adding 10 and 15 mgs. of 
mi'tallic copper of 99.8 per cent Cu to 15 grams of any steel or 
l)ig iron. Weigh out also two 15 gram portions of this same 
: t(!el or iron, but add no copper to them. Put all four weights 
through the entire operation, titrating each one to the disappear¬ 
ance of the blue as given under “Titration.” 

Ttfrofion.—Place a 5 ounce beaker containing distilled water 
beside the one containing the copper to be tested. Add the 
cyanide standard to the test until it is as free from even a slight 
blue tint as the beaker of distilled water. 

This method has been tested with known amounts of copper 
added to steels, and with steels standardized by the old standard 
methods. It is much more rapid, and re.sults check very satis¬ 
factorily. Filtrations might be hastened by using pulp filters on 
porcelain plates and applying slight suction. 
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CALCULATIONS 

Pig Iron Sample. 

(1) 16 0 second roadinc; of iMirotto. 

7 0 first reading of burette. 

•8 1 equals c c. of ^fanda^d used. 

No copper ailded. 

(2) IS 0 

15 mgs. copper added If) 2 

81 S equals c c. of standard used. 

(3) 10 mgs. copper added 28 »• 

I) 0 

28 6 iMjuals e c of standard used. 

(4) 31 S —8 I equals c c. of standard >ised by 15 ings ('u. 

(5) 23 6 — 8 1 equals c c of standard us<‘d by 10 mgs. Cii. 

(6) From (4) wc have 15-28 7=0 ()82, or 1 c.c. of cyanide equals 

0 000632 gram Cu. (0 .)98X15^28 7.) 

(7) From (5) wc have lO-rlo 5 = 0 618, or 1 c c. of cyanide equals 
0 000643 grams Cu. (0 008 X10 4-15 5 ) 

(8) P’rom (1) we have 8 1X0 00061 — lo X 100 = 0 0815, or 0 0315 per 
cent copper in the sample of pig iron, 15 grams having been taken for analysis. 

QtialUalivc Value .—With 2 of siimplo us littio as 0.1 

per cent of copper gives a very noticeahle yellowish cloud when 
the potassium ferricyanide is added to a solution of steel treated 
as described. Hence the method affords a rapid qualitative te.st 
for the presence of copper in sufficient quantity to he injuriou.s 
(0.0,5 per cent and over) for rnoxl purposes Vor whi(di fine tool 
steel is used. The oi>erator can easily diMude whetlu'r the pre¬ 
cipitate is (!opper or nickel. If it is copper, th(! precipitation is 
almost instantaneous. If it is nickel, the, reaction is noticeably 
slower and the precipitate is of a brown color, closely resembling 
that of iron hydroxiik'. A yellowish cloud, forming, at once, 
on the addition of the first c.c. of the precii)itant, i.s characteristic; 
of copper. If this be followed by a more slowly forming brown 
precipitate,* then both elements are present. Many makers of 
tool steel insist that the copper content of best tool steel be 
under 0.02 per cent. Several steels doing fine work, however, 
have been analyzed by the author and found to contain copper 
greatly in excess of this limit. It is largely a question of what 
sort of a tool is to be made from the steel. 

• Add at least 20 C,C, of the ferricyanide when testing for nickel. 
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The tendency to form blue ferricyanides of iron on adding 
potassium forricyanide to ferric solutions, the author has found 
can be eliminated sufficiently to prevent serious clogging of filters, 
by keeping the iron solution somewhat neutral, after first boding 
it with an excess of perTiianganate solution and filtering-out the 
excess of manganese oxide. After removing the latter by filtra¬ 
tion, add 1 : 1 ammonia until the hydroxide of iron dissolves 
rather slowly.* TIkmi add the ferri(^yanidc and proceed as 
already described. Keep the solution stdl quite acid. 

As the copper ferricyanide precipitates almost instantly, form¬ 
ing a very con.siderable cloud of yellowish precipitate even with 
0.08 per cent copper, it is very finely divided, and has a tendency 
to run through tlu^ filt.er. The first |)ortion that is filtered should 
be poured l)ack on the paper until it runs through clear. Then 
pro(a>ed with the filtration. Stand the main filtrate aside when 
washing begins, and, should the latter be cloiuly, filter with a 
litf.le pulp on a small filter and add it to the main precipitate, f 

When precipitating a large (piantity X of copper by this 
method—for examirle, 00 or 100 milligriims—the somewhat acid 
solution should be largely diluted, making the volume from 
about 800 c.c. before adding th<' precipitant. (See Separation 
of Copper and Nickel from Vanadium by Feri'icyanide of Potas- 

• Do not carry Iho neutratization too far ns in nearly neutral solutions the, 
nickel and copper precipitate very slowly with the fi-rncyanicle. 

t Pay no attention'Vo any clouding of the filtrate that may occur after the 
latter has stood for .some time. 

t The foregoing method is especially useful for very small |)er cents of Cu 
and Ni, i.e., O.lOt) down to O.OO.'i per cent, as from 1,') to 21) grams of sample 
can be taken For higher per cents it is easier to weigh out from 1 to 3 grams 
of plain carbon steel; dissolve in I : 1 HCl and pass Ih,? at once. Then finish 
as in the ferricyanide method from the point where 11,8 was passed through 
the sotution of the copper and iron oxide.s. Examine all insoluble residues 
for Cii. 

The ferricyanide method is the beat for high-speed steels. See page 212, 
the bottom paragraph. 

For accurate work all insoluble residue from steel dissolved in sulphuric 
or hydrochloric acids should be examined for copper by filtering the same 
out; washing it; igniting it; fusing with twenty times its weight of sodium 
carbonate and twice its weight of niter in a platinum crucible. The fusion 
is dissolved out in water; transferred to a beaker acidulated with an excess 
of HCl; evaporated low and added to the mam solution of the sample before 
saturating it with HiS. The insoluble residues are almost certain to contain 
part of the copper. 
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slum.) It is better to precipitate such huge amounts of copper 
with H 2 S. 

Small Amounts of Copper and Nickel in Steel and Iron.— 

When analyzing steel, iron, etc., for c(g)per, do not carry the 
neutralization, given on page 208, too fai’, as in nearly lunitral 
solutions, small amounts of nickel ferricyaniihi pre(apitate very 
slowly, and the pr>cipitation of the copper ferricyanide is also 
delayed. 

The method described for copper on pages 200 to 207 is designed 
for small amounts of copfu'r, that is, for ix'rcentages ranging 
from 0.100 to 0.001 and for e(|ually low i)er cents of nickel. If 
nickel in .such small per cents is asked for, get the ferricyanide 
precipitates of the nickel and (■o|)per together in the same way as 
directed on pages 200 to 207 \ising 1.') grams of sam|)lc and the 
same method of solution as given for cop|)er in steel, separat¬ 
ing the nickel from the copper and determining it as given on 
pages 210 to 212. 

Large Amounts of Copper in Plain and Alloy Steels.—If the 
percentage of copper exceeds 0.100 ))er cent, then ilissolve but 
1 or 2 grams of the sample, and proceed as described. If the 
sample is an alloy steel, then it is necessary to decompose the 
same in the manner given for chromium tungsten steel on pages 
5 to 7, whether the amount of copiier be large or small. If the 
amount is small then 15 grams should be taken for the analysis 
and a proportionate amount of sulphuric acid followed by an 
equal amount of the 1.20 nitric acid, that.js, 2(K1 c.c. of the 
1 : 3 sulphuric acid; and after the action of this acid is over, 
aided by heating for a half hour, then 200 c.c. of the 1.20 nitric 
acid are added and the analysis is finished as for copper in plain 
carbon steel. 



CHAPTER Vlir 
Pakt II 

SEPARATION OF NICKEL AND COPPER FROM IRON AND 
VANADIUM BY POTASSIUM FERRICYANIDE 

Proceed as oiitlinod for coiiper in steel, except smaller weights 
of sample are visually reiiuired. 

For nickel and copper in fcrro-vanadium dissolve 1 or 2 
grains of sample, using 30 c.c. of 1.20 nitric acid for each gram. 
If the ferro is high in silicon, carbon and aluminum, and for this 
reason only partly soluble in nitric acivl, add a few c.c. of hydro¬ 
fluoric acid to the solution after action with nitric acid is over. 
Heat until all metallic or gritty particles are in solution. Or 
the insoluble part can be broken up by a sodium carbonate and 
niter fusion; dissolved in hydrochloric acid; the latter removed 
by eva|)oration to fumes with sulphuric acid; the sulphate dis¬ 
solved in water and returned to the main solution. Then boil 
the latter with an excess of permanganate solution; filter out 
the manganese oxide as described under ('upper in Steel. To the 
filtrate and washings 1 : 1 ammonia is added until a slight pre¬ 
cipitate of hydroxide is obtained that dissolves slowly. The 
copper and nickel are precipitated with potassiuni ferrioyanide 
as in Copper in Steel. Large amounts of nickel—i.e., from 
0.025 to 0.050 gram—precipitate (luickly, but smaller quantities 
should be permitted to settle for one hour before filtering. It 
is best to let all nickel tests stand at least one hour. Add as 
much paper pulp from ashless filters as will nearly fill a 15 cm. 
filter. The precipitate and pulp are filtered out; washed a few 
times; dried; ignited in a large porcelain crucible; the ash 
transferred to a 6 ounce beaker; dissolved in 30 c.c. of aqua 
regia. Clean the crucibles with 10 c.c. of the latter and add 
the cleanings to the main part. (Nickel oxide dissolves with 
some difficulty, requiring considerable heating.) 50 c.c. 1 : 3 
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sulphuric acid are added to the solution; evaporated to 12 c.c.; 
diluted to 300 c.c.; the cop])or is precipitated with H 2 S; filtered 
out and wiushed thoroughly with H 2 S water and finished as in 
steels. The filtraU's and washings fron* the H 2 S precipitation 
will contain all of the nickel and a little iron. Evaporate this 
filtrate aPd washings to 50 c.c., and add 30 c.c. of cone, nitric 
acid to oxidize the iron and destroy any remnant of the H 2 S. 
Heat with a cover on the dish until all action is over. Then 
remove the cover, cool, add 30 c.cn 1 : 3 sulphuric^ acid and evap¬ 
orate until slight fumes of sulplniric anhydride are obtained. 
Cool; add .50 c.c. of water; and filter into a li(K) c.c. beaker. Add 
10 grams of citric acid; make faintly ammoniacal; cool and 
titrate the nic^kel with iiotassium cyanide. (See the author’s 
modified cyanide method for Nickel in Steel, page 220.) 

If it is d(‘sired to detei'miiu' a very small (|uantity of nu^kel 
in steel, about 0.3 irer cent and under, weigh 10 or 15 grams of 
samjile and proceed as outlined, getting the nii’kel and the copper 
from the one analysis. If the nickel content is likely to be under 
0.1 jier cent, it is convenient to use 10 grams of sample. If it 
is in excess of 0.2 per cent, it is best to use 5 grams. T'he pre¬ 
cipitate reiiuires that considerable pa|K'r pulp be mixed w’ilh it 
to secure rapid liltratioiis. Wash the pulp, etc., five times with 
water containing a droj) of sulphuric acid and 5 c.c. of the ferri- 
cyanide solution per 100 c.c. of water. As the precipitate has a 
tendency, at times, to run through the filter when first poured 
on it, this first portion of the filtrate is refilte.Md until it is clear. 
When filtering large precipitates, such as would be obtained 
from 50 mgs. of nii^kel, it is expedient to u.se two funnels to 
hasten matters. Nickel up to .50 mgs. from a 5 gram weight of 
sample, or tO mgs. of nickel from 10 grams of sample, can be 
conveniently precipitated from a volume of .5(K) c.c. For large 
amounts of nickel in steel,—i.(c, 0..50 jK'r emit and over,—the 
foregoing method is not nearly so rapid as the one described on 
pages 220 to 234, but for minute (|uanti(ics, or where it is neces¬ 
sary to remove the bulk of the ii'on or the vanadium (much 
vanadium in solution gives ammoniacal citrates of an almost 
greenish black color,’* greatly interfering in the method just 
referred to), it is a useful preliminary to the cyanide titration. 
There would seem to bo no reason why the ferricyanide could 
• Read page 32. 
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not bo applied, with suitable modifications, to the determination 
of copper and nickel in ferro-manganoso, chrome and other ferros 
and metals that are not precipitated by this useful reagent 
(notably aluminum) in. acid solutioTi. Manganese is precipitated 
by the ferricyanidc in neutral or slightly ammoniacal solution as 
quickly as arc copper, nickel, and zinc in slightly acid solution. 
(See th(^ author’s method for all percentages of manganese, 
page (i!).) 

By the above proee.ss the copper and nickel can bo determined, 
quantitatively, in the same analysis with the chromium and the 
vanadium when the coppc'r do(!s not greatly exceed 0.25 per cetit: 
Two grams are taken for the analysis, d'he nickel and copper 
ferrieyanid(!s arc; filtered out after thi; r(;gular titrations have 
been made for V and ('r. Of course no time must be lost in 
making the vaniidium part of the titration, as copper soon clouds 
the .solution after the addition of the ferricyanidc. The author 
uses this scheme to get Or, V, Ni and Cu from the one analysis. 
In such cases the titrat(>d solution is allowed to stand a half 
hour before filtering. If brown nickel ferricyanule begins to 
appear, 40 or more (cc. of ])otassium ferricyanidc are added and 
filtration is delaycil for an hour. 



CIIAPTKK VIH 

Pakt hi 

COPPER IN METALLIC COPPER VOLUMETRIC 

The author regards the following cyanide I illation asasnnplo 
and rapid method for the assay of melallie copper. Scarcely 
any element interferes that cannot he rcmovi'd hy precipitation 
with II2S in liydroeliloric acid soinfioii. if carried out, witli 
proper attention to details, tlierc is no more accurate voliimelrie 
method in commercial use. it is essential tlial llie polassinm 
cyanide lie stanilardized witli metallic copper of known copper 
content, or lyy some recrystallized c.p, salt of copper. 'I'lie 
metal is preferable, and is put throngli every analytical detail 
that is applied to the analysis of the test. 

Operate with 0..') gram of llic test and of tlie standard cojiper 
drillings, running both standardizations and b'sts parallel with 
each other. Use copper of 1)0.8 per ci'iil purity for standard¬ 
izing. 'fhe drillings are dis.solvcd 111 10 c.c. 1.20 nitric acid, 
evaporated to o c.c., filtered from any tin, ctc.;*tlie filler wa,shed 
with water containing a little mine acid. 'I'he filtrate and 
washings are cva|iorated to fumes with 20 c.c. 1 : 2 siil|)hnric 
acid. 'I’he copper sulphate is dis.solved in water. Any lead is 
removed by filtration and washed with water containing a little 
sulphuric acid. Hydrogen sulphide is then iiassed through I he 
filtrate, in a volume of 400 c.c., with 5 c.c. excess of 1 : 1 hydro¬ 
chloric acid for every 100 c.c. of water, until the copper has 
completely separated in hot solution. Filter. Wash with H-jS 
water. Return filter and all to the beaker. .Add 50 c.c. of 1.20 
nitric acid. Give standardizations and test the same exce.ss of 
acid. Warm with a cover on until copper sulphide is dissolved. 
Filter out pulp. Wash thoroughly with water containing a 
little 1.20 nitric acid. Ignite the pulp; dissolve the residue in 
1.20 nitric acid; add the solution to the filtrate and washings; 
evaporate to 20 c.c. ^ Add 1.5 grams of citric acid and a slight 
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excess of sodium carbonate. Use a saturated, filtered solution 
of the carbonate and add it iintil effervescence ceiuscs entirely. 
Titrate the clear blue solution with a standard of potassium 
cyanide made by dissolving 22.434 grams of the best cyanide 
together with 5 grams of potassium hydroxide in distilled water 
and diluting to 1 liter. One c.c. of this standard usually equals 
about 0.00635 gram of copper; but this value should always 
be fixed by the operator himself, in the manner just ovitlined. 
The following modification removes uncertainty as to the end¬ 
point when titrating large amounts of copper. Add tho potas¬ 
sium cyanide as usual until the blue color is almost gone. Follow 
with additions of a cyanide standard of omvfifth strength uid.il 
all blue tint has disappeared.* 'I'lnm add 2 <\c. of a 20 per cent 
solution of potassium iodide in water; then silver nitrate standard 
until a slight cloud of silver iodide is formed as in Nickel in 
Steel. (Chapter IX.) Now add about 10 (ec. excess of this 
dihde cyanide stamlard. Again add the silver nitrate standard 
until a slight milkincss is produced in the solution; 2.925 grams 
of silver nitrate are dissolved in water and dilut('d to 500 c.c. 
for this work. 

Standurdizalion .—Suppose 0.500 gram of copper drillings of 
99.8 per cent purity were taken, and that after putting this 
metal through all of the foregoing analytical operations the 
following data were obtained: 

First, the concentrated cyanide standard required to nearly 
discharge the blue color equals 76.9 c.c. 

Second, the onc-fifth cyanide standard required to entirely 
discharge the blue equals 26.8. 

Third, the silver nitrate solution needed to produce a slight 
milkiness in the solution, after the blue color was etil irely gone, 
equals 13.6 c.c. 

Fourth, 8.3 c.c. of silver nitrate were used to produce a cloud¬ 
iness, again, after the addition of 11.3 c.c. of the one-fifth cyanide 
standard in excess, or 1 c.c. of AgN 03 = 11.3-i-8.3, or 1.36 c.c. 
of the one-fifth cyanide standard. 


Now wait for thirty minutes to one hour to give the KCN and the copper 
time to completely react together before adding the KI and silver nitrate to 
get the excess of KCN. This should be done because the blue color of the 
copper disappears long before the copper and the KCN have entirely ceased to 
combine. 
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Fifth, therefore 20.8—(15.0X 1.31)) =8.3, or the amount of 
one-fifth cyanide used in reaction witli the copfrer, or 1.60 c.c. 
of cone, cyanide to be added to 76.9, or a total of 78.56 c.c. of 
cone. KCN required to combine with theD.500 gram of 99.8 per 
cent pure copper. Hence I c.c. of the concentrated cyanide 
standard equals 0.499-^78.50 = 0.00035, or 1 c.c. =0.00035 gram 
of cop()er.* 

Mr. R. M. Clarke of this laboratory suggested that it might 
be an advantag(! to use silver nitrate to ol)tain a mor(‘ exact 
end-point instead of relying on tlu^ di.sapiH'araiUM' of the blue. 
The analytical details are tluf author’s. 

Further Details—(a) Stir tlu^ copi)er sulphide into small 
particles before heating it with the 1.20 nitric acid, or an insoluble 
black lump may form, 'riam heat very gently at first. Keep 
the tenqrerature considerably below 100° ('. at all times to pre¬ 
vent occlusion of some of the copper sulphuk^ by tla^ liberated 
sulphur, and the formation of a black insoluble residue. I’ay no 
attention to any milkiness that may ap|)ear when the nitric acid 
solution of the pulp ash is added to the nitric solution of the 
main .sulphide. 

(6) The titration can be accurately accomplished, OTnitting 
the one-fifth cyanide standard: Add the concentiatcd standard 
until the blue is entirely gone.f Then add the K1 indicator 
and follow with the silver nitrate until a very slight penuanent 
cloudiness occurs. Next dro)) into the Ix'aker an exec'ss of 5 c.c. 
of the cone, cyanide. Again add the silver nitrate until a very 
faint milkiness is once more api)arent that does not disappear 
after 15 seconds stirring. 

(c) Further, it is quite important to add the cyanide, while 
discharging the blue color, very slowly when the latter begins to 
fade: Add the standard 3 drops at a time; then stir vigorously 
for twenty seconds. If the blue is not all gone, add 3 drops 
more and stir again for a period of twenty seconds. By pro¬ 
ceeding in this way and making the titrations in small volumes 
—beginning with a volume of not over 100 c.c.—the disappear¬ 
ance of the blue affords an accurste end-point but more expe- 

• The author no uses one-half this strength, or 1 c.c. equals 0.003175 gram 
of copper, h lOO c.c. burette, graduated to I’j c.c., is the best adapted to 
this method. 

t Then pause for at least thirty minutes before addmg the KI. 
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rienco and judgment is required than when using the cyanide 
and “silver” scheme. After thus carefully removing the blue 
tint proceed to determine the actual cyanide used by means of 
titration (b). 

Calculalions. —(1) 0.500 gram of copper required 84.2 o.c. of 
the concentrated cyanide to just discharge the blue. 

(2) 24.8 c.c. of the AgNO,i standard were required to protluce 
the first faint cloudiness. 

(3) 21.9 c.c. of AgNO.'j were needeil to produce the second 
faint cloud after the addition of 5 c.c. excess of the cone. KCN. 
Therefori' 21.0-^5 = 4.38, or 1 c.c. of the cyanide ei|uals 4.38 c.c. 
of the silver nitrate standarcl. 

(4) From (2) .■uid (3) w(^ have 24.8-^4.38 = 5.00, or the excess 
of th(‘ cyanide standard in the solution. From (1) 84.2 — 5.00 = 
78.,54, or tln^ number of c.c. of the cyanide re(niired to combine 
with the 0..5()() gram of copper. There is always an excess of 
the cyanide when fli(‘ blue color is gone, but the reaction between 
the (aipper and the Kt’N is nut usually completed for at least 
thirty minutes after the disappearance of the blue. 

Tituation of t'oei'Ki! ix 'I'liF, Phksf.nc'k ok Other 
Metai.s 

If the solution contains 3 grams (}f citrixt acid and a moderate 
excess of the sodium carbonate, 0..500 gram of copper can be 
accurately titrated in the presenci! of 0.190 gram of zinc, or iron, 
or 0.().5() gram of lead: The citric acid is added to the nitric 
solution of the metals; then the carbonate until effervescence 
ceases, and 5 c.c. in excess, d'he volume before titration should 
bo about 100 c.c. When much iron is present the alkaline solu¬ 
tion is a dark green. The cyanide standard is added until the 
green is gone and the clear amber color of the citrate of iron 
appears. Then determine the excess of the cyanide as usual. 

As much as 0.100 grams of arsenic can be present without 
having the slightest effect. 

The author made entirely successful titrations of 0.500 gram 
of copper dissolving with it 0.200 gram of antimony; also in 
the presence of 0.100 gram of cadmium. This end-point given 
by the disappearance of bluish tints from the white antimony 
oxides and cadmium carbonate was noted. The end-point was 
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obtained as in (c). 'I'he precipitates were tlien removed by 
filtration through double filters, and the excess of ('yanide was 
determined in the Hit rate and washings in (he usual way w'ith 
silver nitrate. 'I'he |)iecipitates hail to 1 )e poured through the 
filters several times (,o secure clear filtrates. The pn'cipitati's 
were wa.shed ten times with dilute sodium carbonati' water. 

When titrating copper in the presence of 0.200 gram of bis¬ 
muth the disap]iearauce of tiu' blue was takiai as IIk' eud-point, 
as the basic bismuth clouded (he solution. With but 0.100 gram 
of bismuth in solution the entire titration, as outlined in (h), 
was successfully carried through befori' (lie solution was per¬ 
ceptibly clomh'd. 

Large (piantities of manganese inliafia'c with (he titration of 
copper only in so far as dark-colored solutions are formed when 
the cyninide is added, thereby ohsciirmg somewhat the eiid-poiiit 
between the cyanide and the “silver nitrate.’’ More citric acid 
is required. Add to the standardization alioiit as much man¬ 
ganese as there is likely to be in the co])per t.hat is to be assayed. 
Use at lca.st 6 grams of citric acid per (). 2 ()() gram of Mu. 


Puiorii>iT,\TioN in .Am .mi.ntm 

When using this wi'll-kiiowii method one can proceial as at 
first descrilied until the filtiate and wa-shings from thi' lead sul¬ 
phate are obtained. Lvaporati' the former to 20 c.c.; add 
10 c.c. 1 : 3 sulphuric acid and a piece of .iruminum LI inches 
square by yV inch thick. Heat nearly to lioihng for thirty minuti's, 
or until the solution is colorless. Hemove the aluminum and 
decant the solution through a 0 cm. filter; wash the filter fifteen 
times with water containing a few drops of 1 : 3 II 2 SO 4 . Return 
the filter to the 150 c.c. beaker in which the pr('ci|)itation was 
made. 

The filtrate and washings from the metallic copiier should be 
tested with H 2 S and, if a brown coloration is obtained, continue 
to pass the gas until the small precipitate of co[)per collects. 
Filter it out; wash it with H 2 S water containing a drop or two 
of 1 : 3 H 2 SO 4 . Put this filter in the same beaker with the 
metal; add 20 c.c. 1.20 nitric acid; heat below boiling until the 
copper is dissolved; filter off the pulp; wash it forty times with 
water containing a little 1.20 nitric acid; evaporate the filtrate 
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and washings to 20 c.o. in a fiOO c.c. hoakor and titrate the copper 
with cyanide and “silver nitrate.’’ Hold the copper solution about 
one hour after dischunjtng the blue with cyanide ami before titrating 
with the cyanide and silver nitrate. 

The autlior found that owing to tlic slowness of th(^ rea(dion 
between the KtiN standard and the copper anunonimn com¬ 
pound that the above precaution of holding the solution for an 
hour after discharging the blu(^ of the copper, and then, after 
the said interval, determining the excess of cyanide in the man¬ 
ner given on page 215, (6) and (c), is an essential one. It gives 
such satisfactory results that he prefers this volumetric method 
for the determination of copper. As the chemist usually has 
several titrations of copper to make, at the same tinu', no delay 
of any consequence, results, as a number of tests can be, given 
the first part of the titi'ation for the discharge, of the blue color, 
and, by the time the blue has been discharged from the last 
test, the first one has been standing the required lime. It can 
then be at once finished with the cyanide and silver nitrate. 
The author now uses and recommends one-half (he strength of 
cyanide standard given on page 214, that is, 1. c.c. equals 0.003175 
gram of copper. 

Tuk Determination of Oxygen in Copper 

Gravimetric. Burn off any grease adhering to the plate or 
bar, at a black heat. Pickle off any scale or film of oxide by 
dipping the sample in 1.20 nitric, acid. Wash the sample after 
pickling, thoroughly, in distilled water. Dry the plate or bar 
at 100° C. 

When drilling or milling the sample, use only bright new drills 
or milling cutters. Keep the drillings or millings in a desiccator 
filled with fresh anhydrous calcium chloride. To get a blank, 
run through the same apparatus as used for oxygen in steel, 
copper of known oxygen content, or else put through the, appa¬ 
ratus copper that has been already freed from oxygen by putting 
it through the entire furnace reduction as given for steel in 
oxygen determination. See pages 81-87. When the blank from 
such oxygen freed copper is constant, then the apparatus is 
ready for the analysis of the sample to be tested. 
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obtained as in (c). 'I'he precipitates were tlien removed by 
filtration through double filters, and the excess of ('yanide was 
determined in the Hit rate and washings in (he usual way w'ith 
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times with water containing a few drops of 1 : 3 II 2 SO 4 . Return 
the filter to the 150 c.c. beaker in which the pr('ci|)itation was 
made. 

The filtrate and washings from the metallic copiier should be 
tested with H 2 S and, if a brown coloration is obtained, continue 
to pass the gas until the small precipitate of co[)per collects. 
Filter it out; wash it with H 2 S water containing a drop or two 
of 1 : 3 H 2 SO 4 . Put this filter in the same beaker with the 
metal; add 20 c.c. 1.20 nitric acid; heat below boiling until the 
copper is dissolved; filter off the pulp; wash it forty times with 
water containing a little 1.20 nitric acid; evaporate the filtrate 
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Part I 

THE RAPID DETERMINATION OF NICKEL IN THE PRESENCE 
OF CHROMIUM, IRON AND MANGANESE 

In applying the method of T. Moore t to the determination 
of nickel in steel, the directions given on page 183, Analysis of 
Steel Works Materials by Brearley and Ibbotson, weni followed: 
One gram of steel was dissolved in a 150 c.c. beaker with 10 c.c. 
of concentrated hydrochloric acid diluted with an equal volume 
of water. 

When action ceased 10 c.c. of nitric acid (1.20) were added, 
and the contents of the beaker were boiled to about one-half. 
16 c.c. of dilute sulphuric acid were poured into the solution 
and also 3 grams of powdered citric acid. The solution was 
itirred until the citric acid was di.ssolved, transferred to a 600 c.c. 
beaker, and rendered faintly but distinctly ainmoniacal. 

Note. —For Brunch’s Dimethylglyoxime Method for Nickel and the 
author’s modification of this separation, see page 231. 

The nickel was titrated with a standard solution of potassium 
cyanide, using a measured amount of standard silver nitrate 
and 2 c.c. of a 20 per cent solution of pota.ssium iodide as an 
indicator. The deep red color of the citrate of iron greatly 
obscures the end-point. The authors complain of this color and 
recommend the use of a condensing lens to ctist a beam of light 
through the darkness. In the presence of chromium the writer 
found that a still more somber gloom settled down over the close 
of the reaction. The authors mentioned also state that this 
element retards the union of the cyanide and the nickel, causing 
the recurrence of the cloud of silver iodide. 

Reprinted from the Journal of the American Chemical Society (with 
additions), Vol. XXIX, No. 8, August, 1907. 

t Chemical News, 72, 92. 
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After struggling with the process for some time and always 
carefully separating the chroiniuni, and with it the iron, in 
chrome steels, an attemi)t was made to dispc'l the darkness and 
also to avoid these tedious separations: Less citric acid per 
gram of steel was taken, and the dark red shaded to blackness. 

Naturally, the amount of citiic ai:id per gram of steel was then 
increased, that is, 6 grams of citi'ic acid per gram of steel were 
used, and a marketl improvement was noted. Still more citric 
acid caused a comidete lifting of the shadows. 

The following modified |)rocedure was linally adopted for 
nickel steels after having been tliorougldy t(‘sted with plain 
carbon steels to which known amounts of nickel ha<l been added; 
Dissolve 1 gram of steel drdhngs in a l.oO c.c. l)eaker with 20 c.c. 
of hydrochloric acid (1 : 1). When action e(‘ases add 10 c.c. of 
nitric acid (1.20). 

Reduce the volume of the solution to about 1.') c.c., keeping 
the beaker covered during the boiling. Remove the beaker from 
the fire and pour into it 8 c.c. of cone, sulphuric acid diluted 
with 24 c.c. of W’ater. The presence of the sulphuric acid is 
essential to a sharp end reaction between the cyanide standard 
and the silver iodide in th(> subs('(|ucnt titration. 

Transfer the contents of the lieaker to one of 000 c.c. capacity 
containing Iweh'e grams of powdered citric acid. Stir until the 
citric acid is dis.solved. Remh'r this .solution family but dis¬ 
tinctly alkaline with ammonia, using one [lart of concentrated 
ammonia diluted with one part of water* A large excess of 
ammonia cau.ses low results. Stand the beaker in running 
water until it is cold. The volume of the solution should now 
be about 300 c.c. Much larger volumes than 300 c.c. should be 
avoided, as great rlilution retards the end-point, causing the 
cloud of silver iodide to disappear and then to reappear again 
in a few minutes. 

The faintly ammoniacal condition * can be easily controlled 
by adding the ammonia rather slowly and noting the changes of 
color that ensue: The first change is to amber, then to yellowish 

•One can, also, use litmus paper; add ammonia, drop by drop, until 
1 drop of 1 : 1 ammonia just turns the red litmus blue, then add 10 drops 
excess of the ammonia and no more. A person with the average sense of 
smell can add ammonia until a slight sweet smell is obtained and then the 
10 drops of excess with better success than with the use of litmus. 



2?2 


THE RAPID DETERMINATION OF NICKEL 


green, then to distinct green, then to a light shade of green, 
then to a yellow almost matching the yellow color of the acid 
solution. The reappearance of the yellow tint indicates that 
alkalinity is nearly attained. 

A little more ammonia now causes a brownish shade, which 
is evidence that the ammonia is in slight excess. The moder¬ 
ately alkaline citrate of iron obtained in the proportion of 1 gram 
of iron to 12 grams of the citric acid yields a bright greenish 
yellow solution in plain nickel steels instead of being of a dense 
dark rcil shade. 

To th(! (wld solution 2 c.c. of a 20 per (amt solution of potas¬ 
sium iodide are added. From a 50 c.c. burette a standard 
solution of silver nitrate is dropped into the same beaker, pro¬ 
ducing with the iodide a white turbidity. The standard potas¬ 
sium cyanide is added with con.stant stirring until the cloud of 
silver iodide just di.saj)pears, which it docs on being converted 
into silver cyanide. Nickel cyanide is first formed, and then 
the silver cyanide is produced: 

(1) Ni(N0:,)2+4K('N = Ni(CN)2-2KCN+2KN03. 

(2) AgN03+2KCN = AgCN-KCN-|-KN03. 

If the directions are followed as given, the titration can be 
accomplished at almost the full speed of the burette. If the 
titrated solutions itre |)erinitted to remain in the open beakers 
for a time, a film usually appears on the surface of the liquid. 
No account is taken of it, as its presence is most likely due to a 
superficial loss of ammonia. The reactions are always found to 
be completed when the body of the solution is freed of the iodide 
precipitate. 

Standards .—From the equations as given, 5.85 grams of silver 
nitrate are equivalent to 4.4868 grams of potassium cyanide. 
This weight of cyanide dissolved in 1 liter of water gives a value 
of 1 c.c. equals about 0.001014 gram of nickel. 

As comparatively little silver nitrate is needed with each 
analysis, it is not advisable to prepare more than a half liter 
of the water solution of this salt, using 2.925 grams per 500 c.c. 
of distilled water. 

The potassium cyanide standard should contain about 5 
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grama of potassium hydroxide to the liter which renders it quite 
permanent. The solutions me readily standardized by applying 
them to a plain steel to which a known amount of nickel has 
been added. The chemically pure double sulphate of nickel 
and ammonium is a convenient standardizing medium. For 
example, 0.2 gram and 0.2.5 gram of the double sulphate can be 
weighed into L50 c.c. beakers together with 1 gram of plain 
carbon steel drillings. 

Thi.s mixture is then put through all of (he foregoing manipu¬ 
lations and titrated with the cyanide solution (hat is to be stand¬ 
ardized. The number of c.c. of the silver nitrate and of the 
potassium cyanide solution used in this titration are noted. 
An excess of 10 c.c. of the cyanide is now added and in (urn 
titrated with the silver nitrate solution until a distinct cloud of 
silver iodide is produced. This .second titration gives the relation 
between the silver solution and the cyanide. 

An actual case will illustrate the calculations; In sample 
No. 3477, 1.7 c.c. of standard .silver nitrate solution were required 
to produce a distinct turbidity and also to combine with any 
excess of potassium cyanide standard. In all, 35 c.c. of tl’.e 
cyanide were consumed in t|ic titration. When the cloud of 
silver iodide had just been dispelled, an excess of 0.8 c.c. of 
cyanide was allowed to flow into the clear solution. .lust 10.1 c.c. 
of silver nitrate standard were needed to produce a reappearance; 
of the cloudiness. Therefore 9.8+10.1=0^7, or 0.07 c.c. of 
cyanide standard solution equals 1 c.c. of silver nitrate. Hence 
instead of deducting 1.7 c.c. from ,55 c.c., 1.7X0.97 or 1.6.5 c.c. 
were deducted, leaving 33.35 c.c. of cyanide combined with the 
nickel in this steel. 

To a plain carbon steel 0.200 gram of double sulphate of nickel 
and ammonium w'cre added put through all of the steps of a 
regular analysis. This mixture reejuifed 28.75 c.c. of cyanide. 
The nickel salt contains 14.80 per cent of nickel, or 0.200X 
0.1486 = 0.02072 gram of nickel were present. Hence 0.02972 
+ 28.75 = 0.00103, or 1 c.c. of standard cyanide solution is equiv¬ 
alent to 0.00103 gram of nickel. No. 3477, as has been stated, 
required 33.35 c.c. of the cyanide standard, and therefore con¬ 
tains 0.00103X33.35 = 0.03435, or 0.03435 gram of nickel, or 
3.435 per cent. 
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Chromium-nickel Steels 

When chromium is present proceed exactly as in plain nickel 
steels except that 24 grains of citric acid per gram of steel are 
used. This proportion of citric acid is adequate to render the 
end-point quite as easy to see as in ordinary nickel steels. The 
action is prompt and free from recurrence of turbidity. Of 
course, cloudiness through the entire solution will occur, as the 
ammonia is dissipated from it, after it has stood for some time 
in an open beaker. 

The tabulation (1) that follows furnishes .satisfactory proof 
that chromium docs not interfere with the successful technical 
estimation of nickel in its presence: 


TABLE I 


Sample. 

NoCbromilim ArlHed 
Nickel Ktitintl, 

For Cent. 

Per Cenl of Chro- 
Miitiin Added to a 
I’lirtion of the 
Same Sfcola 

Nickel Found after the 
\d<ii1 loll of \'iir\ mg 
Amuuulb uf Chromium. 

Number 

525 

5 09 

4 

5 10 

2991 

4 44 

2 

4 45 

7239 

3 24 

1 

3 28 

3017 

4 96 

1 

5 03 

612 

3 47 

0 5 

! 3 47 

7273 

3 29 

1 

i 3 31 

622 

3 .56 

0 5 

i 3 56 

7288 

3 32 

2 

3 41 

7289 

• 3 11 

2 

1 3 16 

663 

3 57 

6 

1 3 59 

2991 

4 44 

3 

4 47 


The chromium was introduced in the form of rccrystallized 
chemically pure potassium dichromatc. The diehromatc crystals 
were mixed with a weighed amount of nickel steel drillings before 
the addition of the 20 c.c. of hydrochloric acid. The combined 
action of the nascent hydrogen from the steel, the excess of 
boiling hydrochloric acid and the ferrous chloride reduced the 
chromate to chromic chloride, thus duplicating the conditions 
found when a chromium-nickel is similarly treated. 

Determination by this modification of the cyanide method 
can be finished in from forty-five to fifty minutes, either in the 
presence or absence of any per cent of chromium likely to be 
met with in steels or alloys soluble in the acids given. In this 
laboratory duplicate determinations in nickel or nickel-chromium 
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steels are made in (lie time just specified. By the process one 
can decide in a few minutes whether or not nickel is present in a 
given steel and just how much. Tungsten, if i)resent, doe.s not 
interfere, appreciably, ,as has been notcH l)y the authors men¬ 
tioned in this article. 'I’he writer had two dilTerent amounts of 
nickel added to a steel containing"several per cent of chromium 
and from Hi to 17 per cent of tungsten. This steel was then 
carried through exactly as thmigh no tungsten or chromium 
were present, u.sing the method as given for chromium-nickel 
steels. 


\l. k.l 

Nil ki'l l’'<illll<l 

(ir.iiii 

< It ant 

(1 02i)7 

0 

0 l)371,''i 

0 (W72 

None 

0 00(10 


Table II demonstrates that neither vanadium, tungsten, chro¬ 
mium, nor molybdenum, when present, in the amounts given, 
interfere appreciably in technical analysis. These amounts 
repre.sent extreme cases, especially for the vanadium, it being 
equivalent in one instance to 3.7) per cent V when I gram of steel 
is taken. 

Tests were then made in the same manner in the presence of 
molybdenum and vaiiadiiini as follows: 


TAltLE 11 


Name 

Kitul (»f Sfo(‘! or Mixturp 

Nii.-kol 

A-l(if(l, 

(.iruiii 

Nickel 

Found, 

(Srain 

J. R. steel .. 

Conttiins 10' (.±Mo 

0 0297 

0 0295 

J. R. steel 

Contiiins 10' t 

0 0222 

0 0223 

J. R. steel 

C'Ontuins 10',t,±Mo 

Niine 

0 0002 

Bxx-iyS steel 

(’onliuns 4' Mo and 4‘7, Cr. . 

0 0223 

0 0222 

Bxx--173 steel 

('onOuns 4^J. Mo and -4' o Cr. 

0 0297 

0 029(1 

Bxx-173 .steel 

Contains 4' Mo and 4' 0 Cr.. . 

None 

0 0004 

A mixture 

0 920 gram of .stool 

0 030 gram of niokol 

0 0297 

0 0298 


0 018 gram of vanadium 

. 


A mixture . 

0 840 grain of steel 

0 022 gram of nickel 

0 035 gram of vanadium 

0 0223 

0.0227 

A blank 

1 IXK) grain nf steel 

None 

0 0008 


0 035 gram of vanadium 
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As copper also forms cyanides, its presence would cause results 
to be too high, but copper is avoided in good steel making. Its 
presence is unlikely in greater amounts than 0.06 per cent, 
although the writer, On one occasion, found as much as 0.25 
per cent in a low carbon steel, not a crucible steel, however. 
Crucible steel rarely containi^ over 0.04 per cent copper. The 
choice branils are under 0.03 per cent in copper. 

Wishing to test the extent to which nickel could be titrated 
in the presence of largo percentages of chromium, iron being 
also present, th(‘ mixtures as given in Table III were titrated with 
potassium cyanide. The various salts were weighed into 150 c.c. 
beakers, together with the proi)er amounts of steel drillings. 
The same lu-oportions of hydrochloric, nitric, citric and sul¬ 
phuric acids were em|)loyed as are herein given for nickel-chro- 
mium-ste{‘ls, and were applied in the same manner. 

A sufiiciciit ((iiantity of the salts of chromium and nickel, and 
of the steel drillings, were taken to give a total of one-half gram 
of metals in the mixture. 

Double sulphate of nickel and ammonium ((NH 4 ) 2 S 04 'NiS 04 ' 
6 H 2 O), potassium dichromate and steel drillings free from nickel 
were used as .sources of nickel, chromium and iron, respectively. 

To obtain the nickel value of the cyanide standard under con¬ 
ditions similar to those existing in the mixtures tested, stand¬ 
ardizing mixtures of these salts were prepared varying from the 
mixtmx^s testeil as much as 1 per cent to 20 per cent in the different 
constituents. 


TABLE III 


I'KU 

Ni j 

Cent oh Mktm 


(lUAM 

: OF Nickel 

(V 


AtMfd 

Found 

30 

40 

30 

. 0 1499 

0 1494; 0 1495 

00 

20 

20 

0 2999 

0 3003; 0 2989 

t!0 

40 

40 

0 1029 

0 1022 

5 

90 

5 

0 02.50 

0 0248; 0 0244 

4 

92 

4 

0 0200 

0 0199 

1.5 

95 

3,5 

0 00749 

0 00805; 0 00822 





1 0 00225 ; 0 00243 

0 5 

99 

0 5 

0 00249 

10 00247; 0 0026 

0 

98 9 

1 0 

None 

None 
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For mixtures exceeding 10 per cent of nickel a standard 
cyanide solution with a nickel value of 1 c.c. = 0.0031 gram of 
nickel was used. The standardizing mixtures were dissolved 
and treated exactly as the mixtures tested. The same method 
of standardization was observed in the work recoi-dod in 'I'ablc! IV. 

Table III demonstrates that luckel may be estimated by the 
foregoing modified cyanide prove,ss, using the proportions of 
citric acid as given, with sufficient accuracy for works analysis, 
and indeed for most practical purposes, ev(‘n when the percent¬ 
age of chromium is as much as 09 per cent, and the nickel content 
is but one-half of 1 per c(‘nt. 

* The titration of the mixtures given in Table III, and con¬ 
taining the larger amounts of chromium, rei|uires considerable 
practice on the part of the operator. 'I'he work should always 
be carried out in duplicate. Tlu; disai)pearance of the cloudi¬ 
ness in the presence of 0.100 to 0.4.')0 gram of chromi\im in a 
volume of 350 to 400 c.c. is much more e,xa(4ly observed when 
the mixture containing the iodide cloud is comirared, from time 
to time, with a similar mixture which is perfectly free of this 
milky turbidity. The dilution of the deep jnirple, or wine color, 
of these ammoniacal mixtures of citrates to more than 300 to 
400 c.c. renders the end-point but slightly more distinct, and has 
the great objection of retarding the n'action between tlm cyanide 
and the nickel. The increase above 24 grams of citric acid, in 
the solution, even to the extent of adding GO graias of citric 
acid, did not relieve the density of color to any perceptible 
extent. 

When titrating with a statulard, 1 c.c. of cyanide = 0.0031 
gram of nickel (three times the strength used for steels), do not 
also increase the strength of the silver standard to o<}ual it, but 
still retain the silver nitrate standard as giv-m for steels. A 
silver nitrate solution suffici(mtly concentrated to be equivalent, 
yolume for volume, to the cyanide stamlard (I c.c. = 0.0031 gram 
of nickel) on being dropped into the solution containing the 
potassium iodide, does not ))roduce the usual opalescence, alone, 
but forms curds of iodide that do not readily combine with the 
cyanide standard. The end-point is reached and the main body 
of the solution is free of cloud wliile curds of silver iodide still 

• Read the determination of nickel in the presence of much chromium, 
page 229. 
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lie on the bottom of the beaker. The weaker silver nitrate 
standard, or 5.85 grains of silver nitrate to the liter, produces 
with the pota.ssium iodide a finely divided cloud of precipitate 
that combines promptly with the strong cyanide standard, 
giving a sharp end-point. Weigh, therefore, 2.925 grams of 
silver nitrate, diluting to 500 c.c., and 13.4601 grams of the 
best grade of potassium cyanide, diluting to 1000 c.c., for titra¬ 
tions of solutions containing from 0.100 to 0.300 gram of nickel; 
1 c.c. of this silver nitrate solution should be equivalent to j c.c. 
of the concentrated cyanide standard (1 c.c. cyanide = 0.0031 
±grains of nickel). 

The titration of nickel by potassium cyanide in mixtures 
containing large percentages of manganese with varying amounts 
of chromium and iron was also tried. 

As in the experiments outlined in Table III, mixtures were 
prepared to contain one-half gram of metallic substam.'es. 4'lie 
same nickel and chromium salts were employed. Potassium 
pennanganate crystals supirlietl the manganese. 

The crystals of double sulphate of nickel and ammonium, 
potassium dichromate and potassium i)ertnanganate were, weighed 
into a 150 c.c. beaker with the steel drillings. To this were 
added 20 c.c. of dilute hydrochloric acid. The contents of the 
beaker were then boiled, after the first action was completed, 
until the chromate and iiernianganatc were reduced. An addi¬ 
tion of 10 c.c. of nitric acid (1.20) followed, and the analysis 
was carried out exactly as given for chromium-nickel steels, 
using 24 grams of citric acid. The results obtained are given in 
Table IV. Sulphuric acid was added as in the process for steels. 

Table IV gives evidence of the fact that nickel can be accu¬ 
rately detennined in the presence of large percentages of chromium 
and manganese, if the conditions herein given are carefully 
observed. In the hands of a practiced operator no difficulty was 
experienced in the analysis when as much as 95 per cent of 
manganese was in solution with but 0.25 per cent of nickel. 

Where large amounts of reduced chromium are encountered 
with nickel, the latter can be titrated to a better advantage by 
boiling the sulphuric acid solution of the sample with an excess 
of KMn 04 ; filtering out the manganese oxide and then proceed¬ 
ing with the addition of the citric acid, etc., (see E. D. Campbell 
and W. Arthur, J. Am. Chein. Soc., 30, 1116-20, July, 1908). 
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TABLE IV 



Per Cent 

OF Metals 


Gram oi- 

Nk’ecl 

Ni 

Mn 

Cr 

Fe 

* VtidcH 

Found. 

41 

20 

10 

;io. 

0 2059 

0 20,58 

20 6 

40 

20 

20 

0 1029 

0 10228 

15 

60 

15 

10 

0 07.50 

0 0752 

1.5 

05 5 

1 

2 

0 00749 

0 00752 

0.25 

04 0 

2 

2.9 

0 (X)124 

0 00122 


94 9 

•> 

4 

None 

0 00006 


'here is not the slightest need for all this extra work for any 
mount of chromium ever found in steels, unless it is desiri-d to 
etermine this element in the saiiu* analysis with the nickel, 
n that event use 4 grams of steel and proci'cd as in CrV steels 
i'lmpter II); and, when the solution is ready for the titrations, 
ivide it in two equal portions. Finish one portnm for Cr and V. 
y the methotl in Chapter II. Finish onk-halk of the other 
art for nickel, adding citric acid, idc. This iirocediire avoids 
10 rcoxidizing and refiltering resorted to by Messrs. Campbell 
nd Arthur; and also any necessity of making the objectionable 
lot tests. It affords an ea.sy way of getting Cr, V, and Ni from 
le one analysis. 

Add the citric a-'.id after neutralizing the free acid when large 
nouiits of chromium or raiiadium arc present with the nickel. 

By first performing the neiilralizalioii before Sdding th(‘ citric 
jid, the latter is prevented from reducing the vanadium or 
iromium and, in this way, the intense dark colors are elimi- 
ited. it is still better to not only neutralize the free acid of 
le chromic acid-nickel or the vanadic acid-nickel solution, but to 
so convert tlu' citric acid to aiiinioiiium citrate before adding 
lis organic conipound to the almost or entirely neutral .solution 

the nickel and chrome, or nickel and vanadium. This of 
lurse applies only to the filtrate after boiling with permanganate 
1 oxidize the vanadium to the vanadic and the chromium to 
le chromic state. This oxidation is highly to be recommended 
hen large amounts of vanadium or chromium are present. 

After adding the ammonium citrate, the usual amount of 
;cess of ammonia is introduced and the citrate will gradually 
ssolve the iron hydroxide after prolonged stirring. 
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The Complete Analysis of “ 30 per cent ” Nickel Steel 

Iron.—Dissolve 0,3 or 0.4,5 gram of sample in 30 c.c, of 1.20 
nitric acid in a porcelain dish, and when the action is over, evap¬ 
orate the solution to drync.ss; ignite the bottom of the dish to a 
dull red to destroy the carbon; cool; dissolve in 20 c.c. of cone. 
HCl and finish as in iron ore by rt!duction with stannous chloride 
and titration with potassium dichromate standard. The nickel 
does not interfere except to turn the spot tests cloudy, but not 
so quickly but that the end-point can be seen. 0.45 gram of 
sampli! required ,53.2 c.c. of the standard; 53.2 times 0.00565 
divided by 0.45 times 100 equ.als 66.7 per cent iron. 

Hlandardizalion in the Presence of Nickel .—Dissolve 0.300 
gram of the II. S. Bureau Sibley iron ore together with 1.00 gram 
of double sulphate of nickel and ammonia, as above, and put it 
through all of the operations as given. Titrate it with the regular 
dichromate standard as used for iron ore (0.8 grams of rccrys- 
tallized K 2 Cr 207 dissolved in water and diluted to 2000 c.c.). 
This gives a factor of 1 c.c. equals 0.00565 gram of iron, that is, 
36.7 c.c. of the standard were used, hence 0.300 times 0.692 
divided by 36.7 equals 0.00565. 

The carbon, manganese, etc., were determined as in plain 
steels. 


RESULTS 


Carbon. 

Pf>r Cent 
. 0 20 

Silicon 


Per Cent 

.. 0 125 

Manganese. 

0 74 

Nickel 


... 32 27 

Phosphorus. 

.... 0 02.') 

Iron 


... 66 75 

Sulphur. 

. .. 0.025 





Brunck’s Method for Nickel in Steel 

This method is supposed to separate nickel from iron, ehro- 
mium, zinc, manganese and cobalt. The presence of a large 
quantity of manganese requires the precipitation to be made 
from acetic solution. The procedure for steel is to dissolve from 
0.5 to 0.6 gram in 10 c.c. of 1 : 1 HCl with heat. Oxidize with 
nitric acid; boil off the red fumes; silicon is not removed; it 
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would seem to the writer that it would be safer in some steels 
to remove the silicon by evaporation to dryness. 

Add from 2 to 3 grams of citric acid '^nd make the solution 
slightly ammoniacal to see if any precipitation occurs. If the 
solution remains clear, add IICI drpf) by drop until slight acidity 
is attained. Heat to near boiling; add 20 c.c. of a 1 per cent 
solution of (liTiiethylglyoxim in alcohol. Now drop in ammonia 
to slight alkalinity. Let stand for one hour and filter hot. Wash 
with water. The red prc'cipitate is caught on a (looch or Munroo 
crucible and, after being thoroughly waslnsl, is dried for forty- 
five minutes at from 110° to 120° i'. The weight obtained is 
multiplied by 0.20326 to convert it to metallic nickel which is 
then calculated to percentage. 

T’he percentage of 20.326 corrc'sponds to the formula of 
(’ 8 Hi 4 N 404 Ni. Prettner recommended the holding of the solu¬ 
tion for an hour before filtering off the scarlet ])recipitate. 'I'hose 
wishing to read the original descriptions of the method should 
consult Zeitschrift fur Angew. Chemie, 1907, Nr. 47, S. 1844. 
Dr. 0. Brunck. Also Chem. Ztg., 33, 1909, p. 396. 


A MoDincATioN OF Brunch’s Method by Solution of the 
Red Precipitate in Nitric Acid and Titration of the 
Solution in the Usual Way with KUN and Silver 
Nitrate * 

Proceed as for nickel as in Brunck’s method, obtaining the 
red precipitate, which is washed fifteen times with 500 c.c. of 
water containing 10 c.c. of a 2 per cent solution of the dimethyl. 
The precipitate is dissolved off the filter with 25 c.c. of 1.20 nitric 
acid, allowing the solution to run into tlu^ beaker in which the 
precipitation of the nickel was made. Wash the filter about 
thirty times with water containing 10 c.c. of 1.20 nitric acid per 
500 c.c. of water, or until the wa.sh water no longer gives a test 
for nickel with the dimethyl. Add 15 c.c. of 1 : 3 sulphuric acid 
to the nitric acid solution of the red precipitate; boil twenty 
minutes; cool; add 5 grams of citric acid; make faintly ammo¬ 
niacal; add 10 drops of 1 : 1 ammonia and finish for nickel by 
titration with KCN and silver nitrate. By this method the 
U. S. nickel-chrome standard. No. 32 (1.62 per cent Ni) gave 
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1.63 per cent nickel, and the U. S. nickel standard No. 33 (3.33 
per cent Ni) gave 3.36 per cent Ni. 

One should be al;)le to use this method for the determination 
of small amounts of nickel by taking large weights of the sample. 
Elements like manganese, ,vanadium, and chromi\im, that give 
very dense dark citrates when in the “ous” state, could be 
analyzed for small per cents of nickel in the above manner by 
separating away the bulk of these elements from the nickel. 
(See the Determination of Small Amounts of Nickel in the 
Presence of Large Amounts of Cobalt, page 382.) The idea of 
such a modification of Brunck’s method was suggested to the 
author by Mr. A. (!. Creenameyer. The above details are the 
author’s. 

For the Determination of Nickel by Electrolysis, see page 386. 


The Present Routine Standard Method for Nickel 
(May, 1919) 

Nickel in Steel.—Weigh 1 gram of the sample into a clean 
400 c.c. beaker. Add 2.6 c.c. nitric acid (sp. gr. 1.20); put 
cover glass on beaker and place on argand stove over a low flame 
until sample is dissolved. Add 1,"> c.c. sulphuric acid (1 : 3); 
raise flame slightly and boil until oil brown fiiinix luwe been driven 
off. Failure to (‘iitirely expel the brown fumes cau.si's inaccurate 
results. Removy from stove; rinse cover glass and sides of 
beaker with distilled water. Allow to cool somewhat; then add 
10 grams citi'ic acid (powdered). 

Add 50 to 60 c.c. ammonia water (1 : 1); stir until citric 
acid crystals are in solution; then transfer beaker to a pan of 
cold water. (Do not float the beaker, it may upset.) If the 
solution when cold still smells strongly of ammonia, add 1 : 3 
H 2 SO 4 a few drops at a time or until the test smells only slightly 
ammoniacal. However, if when cooled, solution instead of 
being ammoniacal is neutral or faintly acid, turning blue litmus 
to a red, then add ammonia a few drops at a time until the solu¬ 
tion is faintly ammoniacal. 

The test is ready for titration when it has a distinct, but not 
strong smell of ammonia. At this stage, red litmus turns blue 
where it dips into the solution. If the solution is strongly ammo¬ 
niacal. low results are obtained. If it is too faintly ammoniacal 
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high results arc gotten. The operator soon learns to judge the 
right amount of ammonia. 

lo the faintly aminoniaeal solution, add 2 e.e. of potas.sium 
iodide from a small graduate and stir. •Using .a burette con¬ 
taining silver nitrate .solution, note the reading of the Inirette; 
then add 2 e.e. of the same to the tc'st and stir well. A pale 
yellow cloud .should form throughout the solution. 

Using another burette containing dilute standard |)ota.ssium 
cyanide .solution, note the reading, then add just (Mioiigh of this 
solution to clear ii]) the cloud that was previously formed -thus 
finally obtaining a clear solution. Stir constantly during the 
addition of the K('N. 

Record the linal readings of both silver nitrate and potassium 
cyanide burettes. Ry subtraction the number of c.c. consumed, 
of each are obtained. 


StEEL.S UoNT.MNINll UlIROMlU.M 

Dissolve first in a nii.xtiire of 30 c.c. of II 2 SO 4 (1 : 3) and 
20 c.c. distilled water. Heat until dissolved, oxidize with 20 c.c. 
HNOs (1.20). Boil olf all brown fumes; remove from fire; 
cool; add the citric acid and prociaal as given above. 


CALCULATIONS 

« 

Knou'ft Mnturc for Slntolaniizing 

200 mg. NiAni sulphate (14.Ni) J’laee in 400 c r beaker and run 

1 gm. plain steel .simultaneously with testa 

(Most steels contain at least 0 02% Ni and 0 025% Cu ) 

14.0 c.c. rinal Ueading 82.3 c.c. 

12.0 c.c. . ... Sturt 49.6 c e. 


2.0 c.c. total silver nitrate Total cyanide 32.7 c.c. 

1.1 e.e. (1 c.c. silver = 1.1 c.c. cyanide) Silver equivalent.. 2.2. c.c. 


2.2. = silver nitrate used by the Nickel equivalent. 30.5 c.c. 

excess of KCN. 

14.8% Ni in Nickel Ammonium Sulphate. 

.2 gram 

30.5 )2.9^( 0.097 or 1 c.c., =0.00097 gram Ni 
Factor 1 c.c. cyanide, 0.097 per cent Ni on 1 gram basis. 
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High Nickel Steels 

Run as directed above, hut use cone. KCN solution for titration. 1 c.c. 
AgNOj usually equals 0.226 c.c. strong KCN. 

(’aution. —Be extremely careful in handling (^anides, as they are very 
poisonous. 

Keep silver nitrate solution aw,ay from bright light, especially sunlight, 
which causes it to undergo decomposition. 



CHAPTI R IX 


Part II 

THE ANAtYSIS OF NICKEL-CHROMIUM ALLOY 

The vvidcsprojul application of (me iiickol-chrorniiiin and 
nickol-chromiuin-ifon alloys In rcsislanci^ hcalinp; has made 
further work for the analyst. 

I'he author has analyzcal several varieties of these useful 
alloys as follows: 

Nickel 

Dissolve 0.5 gram of the wire in a No. 5 ixncelain dish with a 
mixture of 20 e.e. cone. TK’l and the same amount of cone. 
HNOa and eva|roral.e to 15 e.c. Add 100 c.c. of cone. lINO:i and 
evaporate to 20 c.c. Tiansfer the solution to a (iOO c.c. beaker; 
add 40 e.e. of 1 : 3 1 I 2 S 04 ; dilute to 2(M) c.c.; heat to lioiling; 
add permanganate of imtassium to the boiling solution until an 
excess of brown manganese oxide remains without p<!rc('ptible 
change after a half hour of boiling; cool; tiller on an asliestos 
plug or through a porous crucible, making sure that noiu! of the 
mangaiiesc oxide runs through, as the filtrate must be pinfectly 
clear. Dool; add 1 : 1 ammonia until a precipitate starts to 
form: add 15 grams of citric acid made slightly alkaline to 
litmus paper by ammonia. Add ten drops more of the ammonia, 
if necessary to render the solution slightly alkaline. Titrate 
the solution with the concentrated K('N standard given on 
page 227. To standardize the cyanide under conditions similar 
to the alloy, put the following mixtures through all ol the above 
operations and then titrate them with the KdN: Mixture No. 1, 
1 gram of the nickel-ammonium sulphate, and 2(X) mgs. of potas¬ 
sium dichromate; mixture No. 2, 2 grams of nickel-ammonium 
sulphate and 200 mgs. of the dichromate. The nickel-ammo¬ 
nium sulphate used in this work was checked by electrolysis 
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and found to contain 14.6 per cent nickel, hence mixture No. 1 
contained 0.146x1.00 or 0.146 Krain of nickel, and mixture 
No. 2 contained 0.146X2.00 or 0.292 gram of nickel. 

Chromium 

DissoK'e 0.500 gram of the finely ground sample exactly as 
given for nickel and proceed with the analysis as for nickel and 
filter off the excess of manganese oxide as in the ca.se of the nickel. 
Cool the filtrate if the titration is to he finished forthwith; omit 
the neittralization with ammonia; and titrate, after adding 
40 c.c. of 1:3 sulphuric acid and diluting further to 2.50 c.c. 
with water. Titrate with the same strength of sulphate and 
permang.anate standards as arc given on pages 12 and 13. Do 
not use any ferricyanide indicator, as the nickel would be pre¬ 
cipitated and hide the end-point. First add the sulphate stand¬ 
ard until all red tints are gone and there remains only the chrome 
green; then add an app.arent exce.ss of about 10 c.c. Next 
titrate with the equiv.alent permanganate standard until a faint 
permanent pink flush is visible tlnough the green of the chro¬ 
mium. The amount of the sniphali' used less the number of c.c. 
of the permanganate rc(|uired to ])roducc the jnidc end-point is 
multiplied by the value of the double sulphate in chromium 
per c.c. The result equals the number of milligrams of chro¬ 
mium in the 0..500 gram of sample. The standardization is 
accompli.shed by putting the following known mixture through 
all of the foregoing operations: 0.250 gram of plain carbon steid, 
0.100 gram of recrystallizcd potassium dichromate and 2 grams 
of nickel-ammonium sulphate; also the same amounts of steel 
and nickel salt with 0.200 gram of the dichromatc. These mix¬ 
tures are titrated in the same w'ay as described for the sample 
itself and the value of the sulphate in chromium is calculated 
in the usual way. The value of the dichromatc in metallic 
chromium is taken as 35.35 per cent Cr. 

Manganese 

Dissolve 0.300 gram of the wire in a mixture of 10 c.c. of cone, 
nitric acid and 5 c.c. of cone, hydrochloric acid. Evaporate to 
5.0 c.c.; add 50 c.c. of cone, nitric acid and evaporate to 10 c.c.; 
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add 25 c.c. more of tlie nitric aciil and again evaporate to 10 c.c. 
Transfer to a 10X1 inch tube and finish as in chrome steels, 
as directed on page 32. i 


Caijuon 

Twist several strands of the wire into a rope ami take millings 
therefrom as described under Milling (.see page 271). Then 
burn with red lead as in ferro-ehroimuni 

Sulphur and Silicon 

The sulphur is determined as in the gravimetric method for 
alloy steels. The silieon is obtanu'd from the in.solublc matter 
filtered out before precipitating the sulphur with barium chloride. 

Iron and Aluminum 

Dissolve 1 gram of millings in a ini.xture of 20 c.c. of cone. 
HCl and 20 c.c. of cone. HNOs. Heat until all action is over; 
boil down to 20 c.c.; transfer to a liti'r boiling llask; dilute to 
300 c.c. and peroxidize, as described on page 35, getting filtrates 
A and B, and if B has a distinct yellow color, then a third peroxi¬ 
dation should be made, obtaining a third filtrate and washings 
C that are free from an appri'ciable yi'llow color, showing that 
all of the chromium has been separated from the iron present. 
The aluminum is obtained from A, B and (', as in ferro-vanadium, 
that is, by adding 1 ; 1 IK’l slowly with condunl stirring until 
turmeric paper is no longer iturnediiilely turned to even a sug¬ 
gestion of a brownish red color on being dip|)ed into the solution. 
The operator can easily tell when he is approaching the end-point 
by the sudden increase of the elTerveseence, as the acid is added; 
also if aluminum is present to the extent of even 1 per cent the 
solution will have become cloudy and if several per cents are pres¬ 
ent, the usual white, Hocculent, precipitate of aluminum hydroxide 
will have formed, (.''ontinue to add the acid until the turmeric 
shows no more immediate change of color than if it had been dipped 
into water. Of course in a minute or two the paper will take 
on a faint brownish red. At this stage the .solution will change 
litmus paper at once to a distinct blue. A, B and C can be 
combined in one before performing the precipitation of the 
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aluminum, or if the volumes are too great they can be treated 
separately and the precipitates combined on the one filter. The 
alkaline solution is brought just to a boil, before adding the 
acid, but in no case should the strongly alkaline solution be 
heated further, as by so doing la>'ge amounts of glass are dissolved. 
The precipitate of aluminum is then washed and dissolved off 
the filter, reprecipitated with a slight excess of ammonia and 
weighed as AI 2 O 3 plus a little P 2 O 5 and Si02 and finished from 
that point on as given on page 30 and on page 37. 

The Iron. —All of the iron will be on the filter from filtrate C, 
except a slight film which will te clinging to the walls of the boil¬ 
ing flask. The latter is cleaned by warming in the flask a little 
1 : 1 HCl and the iron on the filter is dis.solved off with hot acid 
of the same kind. The iron from the flask and the filter are 
combined and titrated as in iron ore after reduction with stan¬ 
nous chloride. To standardize the dichromate the following 
known mixture was put through all of the foregoing o|:)erations: 
250 mgs. of standard iron ore, 0.100 gram of potassium dichro¬ 
mate and 2.00 grams of the nickel-ammonium sulphate. Also 
for a check, 0.2G0 gram of the iron ore, and the same amounts 
of the other two salts as before. The Sibley ore No. 27 of the 
U. S. Bureau of Standards i.s extremely useful as a known source 
of iron to add to all such standardizing mixtures. The salts of 
nickel and chromium are of course added to have the stand¬ 
ardizing mixtures as'near the samples as possible. 


SOME TYPES OF N1CKEI.-CIIROMIUM AND NICKEL-CHROMIUM- 
IRON ALLOYS 


! 

No 1 

No 2 

No :i 

No 4 

No 5 

Carbon . 

012 

0 3.7 

0 30 

0 14 

0 41 

Manganese 

0 82 

2 74 

1 .50 

Trace 

1 95 

Sulphur .... 

0 012 

0 074 


0 027 

0 026 

Nickel. 

76.93 

60 35 

06 42 

83 91 

56.47 

Chromium. 

16 40 

10 12 

19 37 

13 97 

15 64 

Silicon . 

0 23 

0 40 



1 66 

Iron . 

1 81 

25 11 

10 23 

1 47 

22 58 

Aluminum. 

2 68 

0 53 



1 20 

Phosphorus . 





0 03 








(’HAPTER IX 
Part III 

THE ANALYSIS OF NICKEL-COPPER IRON ALLOY 
(MONEL METAL) 

Silicon and Coiter 

Dissolve 0.5 or 0.0 unim of tlio (Irillinifs or millings in a 
No. 5 porcolain dish with 05 c.c. of 1.20 nitric acid. In the 
same manner di.s,solve two standardizing mixtures as follows: 
(1) 0.100 gram of 90.9 per cent metallic cop[)er and 2.(X) grams 
of the double .sulphate of nickel and ammonia. ( 2 ) 0 . 2 (K) gram 
of the copper and 3 grams of the double sulphate. Heat until 
all action with the nitric acid has ceased; add 70 c.c. of 1 : 3 
sulphuric acid and evaixirate to thick white fumes. Add 100 c.c. 
of water; heat until all is in solution except a little white insoluble 
residue of flotant silicic acid which is filteiiifd through a double 
11 c.c. ashless filter and washed free of iron with water con¬ 
taining 10 per cent by volume of 1 : 3 .sulphuric acid. Finish the 
washing with water; get the silicon from the residue on the filter 
as in steels, page 348, by loss of weight after evaporation with 
a few drops of cone, sulphuric acid and 10 c.c. of hydrofluoric 
acid. Any residue of oxides remaining after this evaporation 
and ignition is dissolved out with a little cone. H(d and the 
solution is added to the main filtrate from the silicon. This 
filtrate is diluted to 400 c.c. with water, heated nearly to boiling, 
and hydrogen sulphide is passed through it until the copper 
separates out well. Filter the sulphide of copper through a 
double 12^ cm. filter and wash with H 28 water containing 5 drops 
of 1 : 3 sulphuric acid per 500 c.c. of water, giving not less than 
forty washings. Dry the filter, burn it off at a low red heat 
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in a porcelain crucible, and dissolve the copper oxide in 20 c.c. 
of 1.20 nitric acid. Transfer the solution to a 400 c.c. beaker; 
add 1.5 grams of citric acid; make neutral with a saturated 
solution of sodium carboruite and add 25 c.c. excess of the car¬ 
bonate. Titrate the copper by the cyanide method as described 
on pages 213 to 216. For the -indicator use a 20 per cent KI 
solution (20 grams of the KI to 100 c.c. of water); for the cyanide 
use 4.4868 grams to the liter; and for the silver nitrate dissolve 
2.925 grams in water and dilute to 1 liter. It may be well to 
give the routine of the titrations hero. Add the KtiN to the 
solutions containing the various amounts of tost and the known 
mixtures until all blue color is gone; then wait at least a half 
hour before proceeding with the cyanide and silver titration. 
Unless this pause is made discordant results will be obtained, 
owing to the slowness of th(’ complete reaction bed,ween the 
cyanide added to discharge the blue, and the cop|)er. .After 
the half to one hour interval, add 2 c.c. of the KI indicator, 
and then the silver nitrate until a slight white cloiul of silver 
iodide appears that is permanent:. To get the relation between 
the silver and the cyanide next add 5 c.c. of the K('N standard 
and again add the silver until the slight cloud again appears. 

Standardization and Calculations .—Mixture No. I reepured 
83.2 c.c. of the K(’N to discharge the blue color, and after waiting 
for at least a half hour it required 6.5 c.c. of the AgNOa standard 
to produce a slight cloud of silver iodide in the solution; further, 
on adding an excess ef the K(1N of 5 c.c. it reciuired 4.3 c.c. of 
the AgNOs to again produce a slight permanent cloud in No. 1. 
By this last titration, therefore, 4.3 c.c. of the “silver” equal 
5.0 c.c. of the cyanide. Since 6.5 c.c. of the silver solution were 
needed to produce the first slight cloud after the thirty-minute 
delay, then 6.5X5 divided by 4.3 or 7.5 c.c. must be deducted 
from the 83.2 c.c. required to discharge the first blue in order 
to obtain the actual amount of the KCN standard that was used 
by the copper taken. This gives 75.7 c.c. of the KCN equal 
to 0.100X 99.9 of metallic copper or 0.0999 gram, or 1 c.c. of the 
KCN equals 0.00132 gram of copper. In the same way from 
mixture No. 2 it was found that 1-49.8 c.c. of the KCN equal 
0.1998 gram of copper, or 1 c.c. of the KCN equals 0.001333 gram 
of copper. The average of the two standardizations was 0.00133. 
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In the same manner 0.5 and 0.6 gram of the monel gave 26.6 
and 26.9 per cent copper. 

» 

Nickel in Monel 

• 

The filtrates from thi' If.^S precipitation of the copper are 
evaporated to fumes with 100 c.c. of 1 : 3 IIi>S() 4 ; cool; add 50 
c.e. of water; and then 10 c.c. of cone. llNO.i; heat to destroy 
any remaining hydrogen sulphide; filler if not clear, and titrate 
with cyanide and silver. I'or the cyanide standard di.s.solvo 
44.868 grains of K(’N in water and dilute to 2 liters, and ifor 
the silver nitrate and the potassium iodide use the same strength 
as given for the copper. In making the titration add 2 c.c. of 
the KI and then the AgNOs until a ilistinct white, cloud of the 
silver iodide is formed; then add the KCN until the cloud just 
disappears; then aikl 10 c.c. excess of the KCN and just bring 
back the white cloud to get the relation between the silver 
nitrate and the Kt’N. As No. 1 (see copper) contained 2 grams 
of the nickel ammonium sulphate, there were present, theo¬ 
retically, 0.1480X2.(K), or 0.2972 gram of nickel. By the excess 
titration it was found that 1 c.c. of the AgNO^ eciuals 0.21 c.c. 
of the KCN. The first cloud produced by the adilition of the 
2 c.c. of KI did not disappear until 61.0 c.c. of the KCN had 
been added. In the standardization 2.4 c.c. of the AgNUs 
were actually added to produce the cloud wiih the KI; and by 
the titration of the 10 c.c. of excess KCN, 47.6 c.c. of the AgNOa 
were required to again reproduce the cloud; therefore, til.O c.c. 
less 2.4X10 divided by 47.6, or less 0.501 c.c., ecpial 60.5 c.c. 
which ecpial 0.2972 gram of nickel, or 1 c.c. of the KCN equals 
0.00491 gram of nickel. In the same way mixture No. 2 gave 
1 c.c. of the KCN standard equals 0.00193 gram of nickel. From 
the 0.5 and 0.6 gram of the monel, 68.82 and 68.63 per cent 
nickel were found. 


Iron 

Dissolve 1 or I 5 gram of sample in 25 c.c. of 1.20 c.c. nitric 
acid in an 800 c.c. beaker and dilute to 500 c.c. Precipitate the 
iron with a considerable excess of ammonia and let the solution 
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stand until the iron is well separated. Filter it off; wash the 
precipitate with 1 : 20 ammonia until the washings are no longer 
colored blue; then redissolve the iron with 40 c.c. of I : 1 HCl; 
wash the filter free oF'iron with 1 : 20 HCl and precipitate the 
filtrate and washings as before with an excess of ammonia; filter 
off the iron hydroxide; wash'it as above; dissolve it As before; 
dilute the filtrate and washings from this HCl solution to 300 c.c.; 
heat to boiling; add stannous chloride until the iron is decolorized 
and 3 or 4 drops in excess; cool; add 35 c.c. of the mercuric 
chloride solution; stir and titrate at once with a dichromate of 
potassium made by dissolving 1.225 gi'ams of this salt in water 
and diluting it to 1 liter. Add the dichromatc standard until 
the solution being titrated no longer gives a blue spot test with 
potassium ferricyanide when two drops of it are mixed with 
the same amount of the ferricyanide indicator on the usual 
porcelain plate. To standardize the dichromate put enough of 
the iron ore furnished by the Bureau of Standards or of some 
other equally reliable iron standard through all of the foregoing 
manipulations as though Ni and (’u were present, and titrate 
with the dichromate standard. In one such analysis, enough 
iron ore standard was taken to equal 30 and 00 mgs. of metallic 
iron in solution. This gave 1 c.c. of the dichromate equals 
0.00141 gram of iron. 

The mercuric chloride solution is made by dissolving 50 grams 
of the salt in 1000 c.in of water. 

The stannous chloride is made by dissolving 10 grams of stan¬ 
nous chloride or an eciuivalent amount of pure tin in 100 c.c. 
1 : 1 HCl. 

The ferricyanide is prepared by dissolving 0.50 gram of this 
salt in 100 c.c. of water at the time it is to be used to get the 
sharpest end-point. 

Cakbon, Manganese, Sulphur and Phosphorus 

The sulphur is found by the gravimetric method as in plain 
steels, as given on page 335, the carbon by direct combustion 
in oxygen, the manganese by the volumetric method given on 
page 338 and the phosphorus as given on pages 310 to 325. 
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SOME ANALYSES OF MONEL METAL 


I 

No 1 

No 2 

No 3 

Carbon | 

0 lA 

' 0 10 

0 30 

Manganese 


Tnu'e 

3 27 

Phosphorus 

0 020 

0 017 

0 045 

Sulphur 

0 Oil! 

0 020 

1 ) 003 

Silicon 

0 230 

0 l'.K) 

0 07 

Iron 

2 !H) 


3 OH 

Nickel 

OH 82 

00 18 

00 78 

Cop|)er 

20 05 

i 

1 27 24 

1 

24 80 



CHAPTER X 
Part I 

FERRO-MANGANESE 

Gravimetric Method .—Dissolve 1 gram of sample in 50 c.c. 
of 1.20 nitrie acid in a No. 4 porcelain dish. Remove the watch 
glass. Evaporate to dryness. Ignite to low red lieat to destroy 
the carbon. Replace the cover. Dissolve in 40 c.c. cone, hydro¬ 
chloric acid. Heat until fumes of chlorine have disappeared. 
Filter into an 800 c.c. beaker. Wash the residue on the filter 
with 1 : 10 hydrochloric acid until it is free from iron test. Wash 
it further with water until it is free from chlorine test. Ignite 
the residue in a weighed crucible and finish for silicon as in steels. 
1 'he residue remaining, after evaporation of the silicon with 
HF and a few drops of H 2 SO 4 , is ignited at a low red; then 
weighed, the loss of weight being the silica. 'I'he weighed residue 
is dissolved out with a few drops of HCl and added to the main 
filtrate from the silica as it may contain .some manganese, espe¬ 
cially if the ferro is high in silicon. 

Dilute the filtrate and washings to 300 c.c. Add dilute am¬ 
monia until one drop produces a precipitate that fails to dissolve 
with persistent stirring. Now add 1 drop, only, of 1 : 1 hydro¬ 
chloric acid. Also pour into the solution 1.5 c.c. of ammonium 
acetate for every 100 mgs. of metallic iron supposed to be present. 
(The ammonium ai’etate solution is prepared by dissolving 50 
grams of the salt in 50 c.c. of water. Add dilute ammonia to 
this solution a drop at a time until it smells very faintly of 
ammonia.* Add water until the total volume of the acetate 
solution is 100 c.c.) Heat to boiling. Boil one minute. Permit 
the precipitate to settle a few moments. Stir in some paper pulp. 

* Or reacts slightly blue with red litmus paper. 
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Filter hot. \Vn.sh fifteen times willi hot water containing 2 e.e. 
of ammonium acetate to 100 c.c. of water. 

Redissolvc the precipitate witli 10 c.c. of hot 1 : 1 hyilro- 
chloric acirl. Wash the filter free from*iron test. Dilute the 
filtrate and washings to 2(K) c.c. and precipitate it asain as before. 
Wash the precipitate. Combine this filtrate and wasliinns with 
the original filtrate and washings. I'ivaporate all (afti'r adding 
to the combined filtrates 5 c.c. of 1:1 hydrochloric acid) to 
200 c.c. Filter if necessary. .\dd 25 c.c. of ammoiiiuin aictate 
solution. Heat to boiling in a platinum or porci'lain dish. Add 
to the boilinij wlution 75 c.c. of a saturati'd solution of micro- 
cosmic salt, stirring continuously. Add a shglit I'xcess of ammo¬ 
nia,* and continue to heat the precipitate and su|X'rnal.ant fluid 
with frequent stirring until the pink inangam'se |)hosphato 
changes from a flocculent slimy precipitate' to a pink crystalline 
heavy one that settles rapidly to the bottom of tlie \es,s('l. When 
cold, filter out the manganese phosphate and wa.sh it with cold 
water until no milkine.ss is obtained from the washings on being 
acidulated with a drop or two of nitric acid and tested with a 
drop of silver nitrate solution. 

Add 10 c.c. more of the precipitant to the filtrate and wash¬ 
ings. If a precipitate forms after several hours, collect it; wash 
it as in the main precipitate. Dry the two filters containing 
the phosphate. Remove the latter to a large watch glass. 
Cover it. Burn its filter in a weighed ])latinum crucible at a 
low red heat until all black is gone. Now aifd the small residue, 
if any, obtained from the filtrate and washings tested with 10 c.c. 
of the phospliate of sodium and ammonium. When this resiejue 
has been burned white at the lowest possible heat, add the main 
phosphate precipitate and ignite it very .slowly to prevent loss 
by dusting due to liberation of ammonia. Thc'u raise the heat 
to redness until all carbon is gone. Weigh the iirecipitate as 
Mn 2 P 207 . Dissolve the same in 1 : 1 hydrochloric aiad, and if 
the solution contains any insoluble matter such as silicic acid, 
filter it out. Wash it. Ignite and weigh it. Deduct the weight 

* Add only enough of the 1 : 1 ammonia, at first, to produce a slight 
milkiness. Stir the boiling solution until this milky precipitate becomes 
heavy and crystalline. Then add the balance of the ammonia, slowly, and 
with constant stirring to the boilmg solution, making sure that an excess of 
arnmnniA. is used. 
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from the weif!;ht of the Mn 2 P 207 , multiply the remainder by 
38.69 and divide by the weight taken for analysis to obtain the 
per cent of mangane.se. 

If the quick nickerrest (see Chapter IX, page 228) shows that 
considerable nickel or copjK'r is present, these elements should 
be removed by hydrogen sulphide Ix'fore making the phosphate 
precipitations. This can be done as follows: Make the hltrate 
from the iron hydroxide slightly acid with acetic acid and pass 
H 2 S through it until the sulphides collect and .settle out well; 
filter; wash with H 2 S water; concentrate the filtrates and wash- 
ing.s until crystallization begins. Dilute with enough cold water 
to dissolve the crystals; filter again; w.ash with water, alone, 
and then proceed with the phosphate precipitation of the filtrate 
a.s in the first gravimetric method. 

Phosphorus 

The precipitate of ferric acetate contains all of the phos¬ 
phorus. It can be di.ssolved off th(' filter and evaporated to 
moist dryne.ss on the waltr bath. DissoKa' the residin' in 50 c.c. 
of cone, nitric acid. Kvaporate to about 5 c.c. Rinse into a 
5 ounce beaker. Boil with permanganate and finish the phos¬ 
phorus as in steel. 

The phosphorus may be determined on a separate portion by 
dissolving 1 gram in nitric acid. Evaporate to dryness. Ignite 
to a dull red. Dissolve in HCtl. Convert into nitrate. Filter 
and finish as in steels. 


Iron 

Proceed exactly as for manganese up to the point where the 
small amount of iron and manganese (remaining after the silica 
has been removed with HF and H2SO4), has been ignited and 
dissolved and added to the main solution. The total main 
solution will now contain all of the Mn, Fe, Cu, P, and Ni. The 
iron can be precipitated out with ammonia and redissolved in 
1 : 1 HCl and finished for iron by reduction with stannous chloride 
and titration with a standard solution of potassium dichromate. 
Or the iron chloride solution can be taken to fumes with 30 c.c. 
of 1 : 1 H2SO4; put through the zinc reductor, and titrated with 
standard KMn04. See page 365 and page 443 respectively. 
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CoPFEK ANi) Nickel 

Copper ami nickel can be detennincri by the ferricyanide 
method as in steel (see panes 20r)-2()8). 

Sci.eiiEU 

Sulphur is obtained as in steels liy the nravinietric method. 


Fekro-Silicon, Silicon Spieuki, and Metallic Silicon 

Silicon and Manganese.- 'I'licsi' hinli silicon niaterials should 
be fused with sodium carlionate and potassium nitiate. Fuse * 
1 gram with 20 grams of sodium carbonate intimately mixed 
with 4 grams of finely ground potassium nitrate. Dissolve the 
melt in water in a platinum dish, 'rransfer tlu> green Ihlid and 
residue to a large casserole. Cover with a watch glass. Add 
an excess of concentrated hydrochloric acid, keeping the vessel 
covered. Clean thi^ crucible with a few c.c. of the same acid. 
Add the cleanings to the acidulated fusion. Heat until all 
spraying eeases. Wash off the cover, allowing the lliiid to How 
into the casserole. FiVaporate to drym'ss on a graphite or sand 
bath. Add 10 c.c. cone, hydrochloric acid. Warm, add 100 c.c. 
of water and heat for a half hour, or until all salt is dissolved. 
Filter. Wash the silicious residue free of chroride test. Evap¬ 
orate filtrate and washings ag.ain to dryness. Dissolvi', filter and 
wash as before. Dry the two residues obtained from the first 
and second filtrations. l{oa.st off the papi'r from them at the 
lowest possible heat to priwent loss of silii.'a. Then gradually 
raise the heat and blast the residues in a weighed platinum 
crucible until the weight of the ash is constant. Moisten the 
silica, which should be white, with a few drops of sulphuric 
acid. Fill the crucible nearly full of hydrofluoric acid. Add 
the latter cautiously, at first. Evaporate and finish for silicon 
as in steels. It is safer to evaporate a second time with hydro¬ 
fluoric and sulphuric acids, using about one-third as much hydro- 

• Fuse 0..') gram in an iron crucible with a mixture of 4 grams of sodium 
peroxide and 8 grams of sodium carbonate, if silicon, only, is required. Run 
blanks 
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fluoric acid as was used in the first evaporation, to make sure 
that all silicon has been volatilized. 

Manganese and Iron.—The filtrate from the second evapora¬ 
tion to dryness should Viow be divided into two equal portions.* 

First Portion 

Phosphorus and Sulphur.—Precipitate with a slight excess 
of ammonia. Wash the precipitati; with water. Dissolve it 
off the filter with hot concentrated hydrochloric acid, using a 
little sulphurous acid if necessary. (Jonvert this solution of the 
iron into nitrate; boil with a little permanganate and finish 
for phosphorus as in steels, calculating the percentage on a half 
gram basis. 

Sulphur.—The filtrate from the annnonia precipitation is 
made slightly acid with hydrocdiloric acid, d'ho sulphur is pre¬ 
cipitated with barium chloride and finished as in steels. Deduct 
a blank obtained on all of tlu^ fluxes and acids. If it is desired 
to use a larger amount of sample for sulphur, it can be deter¬ 
mined alone on a 1 gram (luantity without dividing into two 
portions. 

Second Portion 

Manganese and Iron: Manganese.—This portion is evapo¬ 
rated to fumes with sulphuric acid. The iron is precipitated 
with ZnO and filtered out. The filtrate is finished for man¬ 
ganese as given for high manganese in soluble ferro-titanium of 
high manganese content. (Page 59.) 

The Iron.—'I'he iron and zinc oxide residues on the filter are 
dissolved off with hot sulphuric acid and naluced with zinc and 
titrated for iron in the same manner as given for iron. (See 
page 365. See also page 443.) 

t The Carbon.—The carbon can be obtained by combustion 
of 0.5 gram of the ferro-manganese, etc., with 4 grams of red 

The residue in the crucible after the volatilization of the silica with HF 
is quite likely to contain a little iron and manganese. It should be dissolved 
by warming with a little 1 : 1 HCl and added to the filtrate from the second 
evaporation to dryness before the same is divided into two portions. 

t The carbon of ferro-silicon should be determined on a small iiuantity 
of the material on account of the great heat generated. Do not burn more 
than 0.500 gram at a time. Use 4 grams of the red lead. 
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id; or litharge is e<iually good as a substitute for the red 
id. 


iSIILTS OK A COMPBKTK ANALYSIS OK^ KKRKO-MANCANRSE 
■1). 11. No. 1 " 



F*(T ('out 


JVr ('('in 

.rbon . 

7 15 

/ Nirkol 

(1 0!Mi 

angano^so 

SO 72 

(’oppcr 

n 040 

losphorus 

0 IS 

'riliinium 

n 045 

Iphur 

0 028 

Iron 

in 78 

icon 

0 45 

Tin 

0 025 

iromiiim 




madium 

0 no 

i 

on 57 





CHAPTER X 


Part II 

RAPID VOLUMETRIC DETERMINATION OF MANGANESE IN FERRO¬ 
MANGANESE ORES AND HIGH MANGANESE STEELS, BEING A 
QUANTITATIVE SEPARATION FROM COPPER AND NICKEL 

Dissolve 0.500 Rrani sample in .50 e.c. I : 1 HCI, in a No. 5 
dish; heat a few minutes; then oxidize solution with 0.5 jjram 
KCIO.-), using heat; add 50 e.e. 1 ; 3 Il 2 i 5 () 4 , and lake to heavy 
fumes. Cool; redissolve in 100 e.e. water together w'ith 10 c.c. 
1 ; 3 H 2 SO 4 , heating until all salts are di.s.solved and only a 
floating residue of silieie arid and carbon are left. Filter (add 
a little pulp); wash with dilute .sulphuric acid wa.sh until free 
of iron test. Burn off this residue which should be pure wliite. 
If the residue is colored it is weighed; and evaporated with HF 
and H2SO4 acids; ignib'd and weighed again, getting total 
silicon in th(^ usual way by loss of weight. 

The re.sidue lef^ in the crucible is dis.solved in a little HCI, 
and fumed with a few drops of H2SO4, to remove IK'l. Dis.solve 
the residue in crucible in water by heating and add the solution 
io the original first main filtrate which will now contain all of 
the manganese, copper, and nickel that, are in the alloy. 

The main filtrate is made nearly neutral with ammonia. 
The ammonia is added until a faint cloud of iron hydroxide 
is obtained that w'ill not dis.solvc on persistent stirring. Add 
a few drops of H2SO4, which should render the solution per¬ 
fectly clear. Now add 5 grams of ammonium persulphate 
((NH 4 ) 2 S 20 s); heat until a dark brown precipitate forms; 
boil fifteen minutes, and let settle for thirty minutes; pour off 
clear liquid without disturbing the main precipitate. Wash the 
precipitate out of beaker onto the filter. Then wash filter and 
precipitate with cold water twenty-five times. 

Transfer filter and all precipitate to original 500 c.c. beaker; 
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add 50 c.e. 1 : 5 H 2 SG 4 , to all tests at the same time. Then titrate 
with standard ferrous aiiinionium sulphate with constant stirring, 
until the manganese iireeipilate is dissolved and the solution is 
clear. Back titrate thi' excess of h'rrmis anunoniuni sulphate 
with standard KMn ()4 solid ion. Use the standard solutions as 
given for titration of chroiuiuni and vanadium in steel, 1 e.c. 
of these solutions should ecpial ahoiit O.OOld" gram of metallic, 
niangane.sc. Kestilts on high ferro-inanganese should check as 
follows: 

No. 1. Ferro Mn, 0.5 gram gave 70.20 per cent Mn. 

No. 1. Ferro Mn, 0,0 gram gave 70.45 |K'r cent Mn. 

Standardize against a ferro-inanganese of known manganese 
value or against a mixture of c. p. KMnOt and steel drillings 
put through all operations, c. p. KMnO,! can usually he taken 
as 90.5 per cent pure, i.e., 31.777 per cent MnXO.095 equals 
manganese content of KMnOi. (’heck the KMn 04 against 
■sodium oxalate before using it or against c.p. oxalic, acid. 

The following scheme given for oxalic acid can he used equally 
well for sodium oxalate. The latter salt keeps better than the 
oxalic acid. 

Dissolve 1 gram of the permanganate in 1.50 c.c. of distilled 
water, acidulated with 100 c.c. of I : 3 sulphuric acid. Warm 
the solution dKjhllii, and add to it 2.0107 grams of the oxalic 
acid, dissolved in 150 c.c. of distilled wate^ Warm the solu¬ 
tions a little, if necessary, until the mixture of oxalic and per¬ 
manganate has become colorless. Titrate the colorless solution 
with a dilute permanganate standard of known oxalic value. 
The one u.scd in the analysis of crucibles and plumbago answers 
very well. 1 c.c. of this standard equals 0.00144 gram of oxalic 
acid (see Analysis of (ira|)hite, XVI, page 397). Suppo.se 25.5 
c.c. of this standard are required to render the decolorized mixture 
a slight pink that will remain permanent for thirty seconds, 
therefore 25.5X0.00144 or 0.0367 equals the excess of oxalic acid 
in the mixture. Hence 2.0167—0.0367=1.08, or the amount of 
oxalic acid oxidized by the 1 gram of the permanganate. By the 
equation 

2KMn04+5H2C204-l-3H2S04 

= K2SO4+2MnSO4+8H4O-fl0CO2. 
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we have 316.3 ^rams of KMn 04 = 630 grams of H 2 C 2 O 4 + 2 H 2 O, 
or oxalic multiplied by 0..5()2 ecpials permanganate; 1.98X0.502 
= 0.99396, or the 1 gram of permanganate eontain.s 0.9939 gram 
of 100 per cent KMn 04 . The precaution must be taken to use 
sulphuric acid that docs not bleai'h permanganate on warming a 
few drops of the dilute permanganate standard with 150 e.(;. of 
the acid. 

The foregoing scheme is the author's adaptation of (3. v. 
Knorrd’s persulphate method for manganese in iron, steels and 
ores. It is a quantitative separation of Ni.* 

Von Knorre credits H. Marshall j with precipitating man¬ 
ganous sulphate .solutions with K 2 S 2 ()s as MnO^ and that H. 
Marshall in his later paper, “Detection and Determination of 
Quite Small Amounts of Manganese,” t hnds that on warming 
manganous solution with silver nitrate that permanganic acid 
is formed; and in the same paper by heating manganous sulphate 
solutions with persulphate, under the conditions as given, that 
manganese is separated out, quantitatively. 

Von Knorr 6 states that under these conditions cobalt is 
precipitated also with the manganese, and interferes, and must, 
therefore, be removed by H 2 S or some other method. That he 
did not succeed in getting a quantitative separation of either 
nickel, copper, or zinc, but that these three elements do not 
interfere with the quantitative determination of the manganese. 

The precipitatioj of the manganese takes place as follows: 

MnS04-|-(NH4)2S208-f 3 H 2 O 

= Mn()2-H20 -t (NH4)2S04+2H2S04. 

•Z angcw Chem , 14, 1149 (1901) 
t J Chem. Soc, 1891, 59, S, 771-786. 
j Chem. News, Bd. 83, 1901, S. 76. 



CHAPTER X 


Part III 

DETERMINATION OF BORON IN IRON 

The method of WlK'iry * was apidied to the determination 
of small p)ereentages of boron in iron by .). M. Lindtfren.f He 
states that he found tln^ prineiples as set fortli by Wlierry to be 
entirely feasible. Lindffren proceeded in the following way: 
“Three grams of iron are dissolve<l in a round-bottom flask 
of 800 c.c. in a mixture of 10 e.e. each of 1.1 sp. gr. nitric acid 
and 1.2 sp. gr. H(d. When solution is complete, cool, and pre¬ 
cipitate the iron with dry e. p. ealeium carbonate to a pa'ty 
mass. At this stage the volume should not Ije much over 30 e.e. 
Now add, all at once, twice as much mure calcium carbonate and 
stir vigorously. 

“The pasty mass of precipitated iron, etc., is now diluted 
with about 300 c.c. of water. This water mu.st. be carbon-dioxide 
free. Attach a reflux condenser to the fla.'k, start the water 
through the condenser, and tlaui bring the contents of the flask 
to the boil and continue boiling until the CO^ is removed. At 
least thirty minutes’ boiling is rcTommended as sufficient to 
remove CO 2 .” 

The next operation is to filter out the iron hydroxide. Lind- 
gren recommends that acid-washed aslx’stos be mixed in with 
the hydroxide of iron to aid in the filtration and washing of the 
hydroxide. Add the filxw in a wet condition, and use 50 c.c. 
of the boiling hot wet fiber. Boil the mixture of hot wet fiber 
(which is boiled a while in water before it is mixed in the iron 
precipitate) and hydroxide of iron for several minutes. Filter 
by suction. Lindgren recommends the u.se of a 15 cm. diameter 

•Jour. Am. Chem .Soc, 30, 1687 (1908). 
t Ibid., 37. 1137 (1915). 
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Biichner funnel and a splash trap. Wash the precipitate ten 
times with boiling water. 

The filtrate and washings in the fla.sk are cooled and titrated 
with N/10 KOH (frde of carbonate). After a few drops 
of phenolphthalein arc added, add the alkali standard until a 
pink color appears. Now aild 'l gram of marinitc and continue to 
add KOI! until a secmnd pink is obtained. To make sure that 
the reaction is complete, Wherry recommends to .add more 
mannite. If this causes the pink color to disappear, the reaction 
is incorpplete. Tlnm add more of the KOH standard, a few drops 
at a time until a pink color is again obtained. Again add 1 gram 
of mannite and if the pink color does not again disappear, the 
reaction is complete. 

Blanks must Ix' run, using steel or iron free of boron, adding 
to the same known amounts of a standard solution of fused 
boric acid. 3.5 grams of the fused boric acid dissolved in 1 liter 
of water, free of COj. The boric acid is fused in a platinum 
dish. Do not use porcelain. Lindgren gives the relation between 
1/10 N KOH and the boric acid solution as 8.75 c.c. KOH 
requires 8.08 c.c. of the B 20 :i solution. 

Lindgren states that if the pi'ccipitation of the iron with 
calcium is properly carrieil out, as described, no boric acid will 
remain with the iron hydroxide. He gives the following recoveries: 

Per cent boron taken 0.038 0 188 0 424 0 850 

Per cent boron ftmnd . 0.CH4 0 194 0 .388 0 840 

Having read Wherry's original article on “The Determination 
of Boric Acid in Insoluble Silicates,” the author believes it 
advisable to give the following points from it: If the mineral 
is fused with an alkali carbonate and extracted with water, 
boric acid will remain in the water-insoluble residue. If, on the 
other hand, the fusion is dissolved in acid, and the iron, etc., 
are precipitated with ammonium, boron will be carried out with 
the hydroxides, to which it persistently clings even after several 
reprecipitations. Hence the use of calcium carbonate to separate 
the hydroxides. 

Wherry fuses the mineral with 3 grams of sodium carbonate 
for fi^een minutes. Dissolves in 20 to 30 c.c. of dilute HCl; 
adds a few drops nitric acid to oxidize any ferrous iron; places the 
whole solution in a 250 c.c. round-bottom flask; heats nearly to 
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boiling; and adds dry prccipitatod calciuin carbonate and con¬ 
nects the condenser and boils for fen minutes. He filters out 
the precipitate, washes it with hot wat^'r, kei^ping the volume 
below too I'.c. He returns (he filtrate and uashings to the 
boiling llask; .ulils a pinch of I'ajclnin cai bonate; connects the 
condenser and boils again. If the precipitate has a red color, 
filter it out; wash; add 1 to 5 droiis of phenolphthalein solution, 
and titrate the filtrate slowly with (he alkali standard to a pink. 
(Wherry uses I 10 N NaOll) as already deseril led, adding 1 gram 
niannite, etc., until a permanent pink is obtained. 

Roric acid should never be boiled openly, as it is very volatile 
in steam, heiu'C the use of (.he condi^iiser. k'or a ri’tiirii eondi’ii.ser 
a simple straight tube about 2 cm. widi' by 75 cm. long is recoiii- 
mended placed vertically through the stoppia- of the boiling flask. 

The bulk of the solution should be small for tlii' titration, 
as the end-point is not very sharp if the litpiid is too dilute. 
Finally, just before titration all free CO,, must be removed. 
This is done by attaching the suction to the tiltiaing Mask, first 
removing the Ruchner filtering funnel. The filtering flask is 
closed with a solid stopiK'r, and the suction again applied. This 
should produce a further boiling without any more heating and 
the free (,'()2 is sucked aw.ay. j\I1 CO 2 and bicarbonates must 
have been removed or the titration will give a low value. (Con¬ 
tinue the .suction until all fine bubbles cease to form due to the 
reduced pressure. Suction must be applicdi cautiously or the 
hot liquid may boil over. 

To insure the complete decomposition of any calcium bicar¬ 
bonate, and to make certain that all sesquioxides are completely 
precipitated, the solution to which the dry calcium carbonate wa.s 
added must be boiled for at least ten minutes. Indeed, in 
minerals containing much iron, some of the latter may still 
remain in solution. A little calcium carbonate should be added 
to the firsit filtrate and washings from the main iron; boil; filter; 
and wash again. 

To hasten filtration when the precipitate is large. Wherry 
used an 8 cm. Ruchner funnel, covered first with a layer of 
asbestos and then by a large filter paper folded around a bottle 
of a slightly less diameter than the funnel. A single stirring with 
hot water is said to be enough. The filtrate and washings must 
bo small as the end-point is not sharp in too dilute a solution. 
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After the prolonged boiling (with condenser) to decompose all 
bicarbonate and precipitate the sesquioxides, the free CO 2 is 
removed by suction. The mouth of the flask is plugged with a 
solid stopj)er and the suction is applied, l.lse a splash trap to 
prevent loss of fluid by spraying or boiling up when the pressure 
is rediKu'd. When the temperature has fallen to about 50°, 
the suction is slopped by disconnecting the pump. 

The .sodium hydroxide (or KOH) u.sed in the titration can be 
freed of ('(>2 by the method of Winkler. 'The carbonate is pre¬ 
cipitated by adding barium chloride to a measured amount of 
the NaOH. Now titrate the NaOH with a standard acid, using 
phenolphthalein as an indicator. 

In titrating tlu^ boric acid by the pi'esent method, the excess 
of calcium chloride in the solution will immediately precipitate 
all of the carbonate from the alkali standard, producing a slight 
turbidity. The first drop of alkali added to the solution con¬ 
taining the boric acid should produce at once a distinct pink 
which will disappear on stirring. If no pink is obtained, it shows 
that calcium bicarbonate is still pnssent, having escaped decom¬ 
position, in the boiling. In this ca.se acidify the solution; add a 
slight excess of (calcium carbonate and boil again. 

The use of mannite is much to he preferred to glycerole. 
Jones is credited with first using mannite. Mannite is said to 
give a sharper end-point and mu(di less f)f it is needed. The c.c. 
of alkali used, multiplied by 0.0035, gives directly the amount of 
boric acid pre.sent. 

Wherry states that, in some eases, it is neees.sary to rodi.ssolve 
the iron and rcprccipitate it with the calcium (xarbonate to insure 
the complete separation of the boric acid from the hydroxides 
formed, performing these operations three or four times. Filter 
and wash each time and determine the boric acid in cac^h set of 
filtrates and washings, summing all together to get the total. 
Lindgren claims this is not necessary. Most likely Wherry is 
right when large quantities of iron, aluminum, and boron arc 
present. 


2B203-|-Na2C03 = Na2B407-|-C02. 
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Pabt I 

THE DETERMINATION OF CARBON IN IRON AND STEEL BY 
DIRECT IGNITION WITH RED LEAD OR LITHARGE • 

The author’s expruieneo with this method for the deter¬ 
mination of carbon, together with some notes, may prove of 
interest. 

The solution of steel drillings containing large percentage.s 
of chromium, tungsten or molybdenum in double chloride of 
copper and potassium causes more or less loss of carbon as hydro¬ 
carbon. Especially sensitive to such loss are the carbides that 
are separated by the double chloride from steels in which are 
10 or 12 per cent of molybdenum together with several per cent 
of chromium. 

These carbides may lose some of the carbon by contact with 
dilute acid, or with the oxygen of the air during washing with 
suclwn, or during the .subsequent drying of'the carbide at the 
temperature of boiling water. 

In the spring of 1900 the writer made an analysis for carbon 
of a steel containing 3.8 per cent of chromium, applying the 
ordinary method f of dissolving the borings in acid double 
chloride of copper and potassium, filtering on an asbestos plug, 
washing the carbide residue alternately with distilled water and 
a mixture of one part of hydrochloric acid and twenty parts 
of water. The residue was then washed with water, alone, to 
remove the acid. After drying the washed carbide in a water 
oven, it was burned with purified oxygen in a red hot porcelain 
tube containing about 13 cm. of copper oxide. The products of 

* A preliminary paper was read at the December, 1905, meeting of the 
Pittsburgh Sect on of the American Chemical Society. 

t See pages 297 to 301. 
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the combustion were passed through granulated zinc of 20-mesh 
fineness, then through anhydrous calcium chloride, and then 
through phosphoric anhydride. The purified carbon dioxide was 
absorbed and weighed in potash bulbs. Duplicate analyses by 
this method failed to check. 

A scries of analyses of these borings were made. The acid 
wash when used was alternated with distilled water, and the 
washing was then completed with distilled water, alone, to 
remove acid. 



1 

^ Kind of Waah 

1 Wii>ihins?«, 
Numlior 

Carbon Found, 
Per Cent 

l 

20 partH lliO to I part IK’I 

20 

I 65 

2 

100 parts II 2 O to 1 part H(’I 

20 

1 52 

3 

100 parts fl'/) to 1 part HCl, 

2 

1 909 

4 

100 |)arts H 20 to 1 part IK’l 

: i 

2 

1 943 


In August, 1902, the process used in the foregoing, (3) and (4), 
was applied to a steel containing 4 per cent of chromium and 
4 per cent of molybdenum with the following absence of agree¬ 
ment: 

First analysis gave 1.28 per cent carbon. 

Second analysis gave 1..53 per cent carbon. 

Third analysis gave 1 33 per cent carbon. 

Fourth analysis gave 1.29 per cent carbon. 

The thought occurred that perhaps the carbide obtained 
from molybdenum steel gives up part of its carbon as hydro¬ 
carbon on being brought into contact with the air during stirring. 
No heat was applied to hasten the solution at any time. A 
number of trial analyses were made in which the time of stirring 
was varied and also the acidity of the copper and potassium 
chloride solution. In the following, 2 grams of the drillings 
were dissolved in 180 c.c. of the double chloride solutions. By 
acid solution is meant a solution prepared by dissolving 600 
grams of double chloride of copper and potassium in 1500 c.c. of 
distilled water acidulated with 175 c.c. of concentrated hydro¬ 
chloric acid. By nearly neutral solution is meant the same as 
the acid solution except that but 25 c.c. of concentrated hydro¬ 
chloric acid were added to the 1500 c.c. of distilled water. 
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The neutral solution consisti'il of 600 grams of the double 
chloride, 1500 e.c. of distilled water, and no acid. The results 
obtained are given in the following table:^ 


STEEL CONTAININO 1 l>ER CENT MOLVHDENUM AND 4 PER 
CENT CHROMIUM 


IaiiuI of Stucln 

Km.! of S(i]\('n( 

Tunc of 
SllMIIIK, 
Miiiutca 

Time III tiu> 

, ScKciit with 
No S(irriin£. 
ItllllOl 

PeroctUaue 
uf ('arhon 
Found 

No. 1 s.N'ol 

noid ' 

20 


1 ,53 

No. 1 stivl 


j 20 


1 48 

No. 1 steel 


10 ' 


1 tl4 

No 1 ste('l 

i 

1 

12 

I 49 

No. 1 stool 

‘ ‘ i 

j : 

24 

1 h2 

No 1 stooi 

noiirly iioiitnil 

S 


1 60 

No I steel 


s 


1 ,').5 

Nt> 1 stool 

acid 

:i 


1 00 

No 1 slft'l ! 

noiitnil 

l> 


1 .lOS 

No 1 .stool 1 


tl 


1 006 

No 2 steel 

neutral 

4 


1 079 

No 2 stool 

“ 

t) 


1 734 

No 2 stool 

UOlll 

1 

i 

1 758 

No. 2 stool 

‘ ‘ 

4 


1 00 


A eoinlmstion of the I per cent chromiun',-1 p<'r cent molyb¬ 
denum steel (No. 2), by the red lead process rlescribed below 
yielded 1.734 per cent carbon. 

An examination of the foregoing table .shows that both in the 
No. 2 and the No. 1 steels the highest result was obtained w'hen 
the acid solvent was used, and als(j the lowest results. 

Short stirring gave Ixitter agreements than the longr^r periods 
of .stirring, but had evidently not eliminated all of the causes of 
loss. Perhaps there is loss of carbon when the carbide is being 
dried in the water oven. Further, it is practically impossible 
to regulate the suction so as to expose the residues, during wash¬ 
ing, to exactly the same amount of air in each analysis. 

Two grams of the No. 2 steel were stirred twenty minutes 
with 180 c.c. of the acid solution, then transferred to the asbe.stos 
plug. Air was next drawn through the residue for fifty minutes; 
the amount of carbon obtained was 1.347 per cent. Two deter- 
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minations of the same steel were made with sixty minutes’ stir¬ 
ring but with the least possible exposure to air by auction; 1.63 
per cent and 1.68 per cent carbon were found. In view of these 
results the practice was adopted of always keeping a layer of 
distilled water over the carbide during the washing. As soon 
as one layer, or covering of water, was drawn off, another was 
immediately supplied. 

This tri'atment was applied to a group of ingots containing 
11 per cent molybdenum and some chromium. The neutral 
solution gave the higher results, as shown by the following table: 


,\cm 1 Solvftil 1 

Ncutrul (’arboii 

Pit OdI ('ftrl)uii i 

PtT Ctuboii 

0 .Vi 

0 00 

0 40 

0 .10 

0 r)3 

1 

0 .w 


The same process of short stirring and k'ast possible exposure 
of the carbide I'esidiu' to air by suction, together with the use of 
a neutral .solvent, was adopted for a series of ingots containing 
12 per cent molybdenum and several per cent of chromium. 
It failed almost comi)letely. For convenient compaiison the 
results obtairu'd in these tatter experiments are shown in a column 
parallel to those obtained, at a later date, from the same sam¬ 
ples by the red lead combustion method. (Page 261.) 

One well-known laboratory obtained 0.72 per cent carbon, 
and another, ecpially experienccil, reported 0.64 per c(mt carbon 
on the S. II. S. sample. 

This untrustworthiness of the double chloride process for 
separating carbon in steel of high molybdenum and chromium 
content led to a search for some method of obtaining the ixircent- 
age of carbon by burning the entire substance. Having about 
this time noted Rrearley and Ibbotson’s statement that steel 
drillings that will pass a 2t)-m'esh sieve and have Ijeen mixed 
with about three times their weight of red lead can Iwi decar¬ 
bonized in a red hot porcelain tube, it was decided to attack 
the molybdenum steel in this manner. The results obtained 
from the molybdenum steels are given in the table below and 
need no comment: 



RED LEAD METHOD VEIiSllS DOURI.E (Tn/)1UDE 2(U 



The niellKHl w,is first iipplied to pliiin carlxin sicols, pig iron, 
and white iron, and was found to he ix'ifec lly accurate. 

After more than eighteen montlis' dady use of the rod lead 
for the determination of carbon in steel, pig iron, alloy steels, 
and ferro alloys, i. e., in 1905, the details that have been found 
useful and reliable arc as follows: 

If part of the borings are coarse, the thin curly portions or 
30- to 60-mesh sievings are selected. Two grams of such drillings 
and 2 grams of the red lead are weighed into a glass-stoppered 
60 c.c. weighing bottle. The bottle is then shaken to mix the 
drillings and lead oxide. 

The .steel sample submitted for analy.sis is drilled with a flat 
or diamond-pointed drill. This style of drill will grind many 
of the drillings to 20-mesh fineness in the case of soft or annealed 
steels. If the steel be unanncaled and of a carbon content 
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ranging from about, 0.35 per cent, carl)on and higher, thin curly 
drillings are obtained which decarbonize readily by reason of 
thinness, If the drillr.igs do not exceed 20-nie.sh, as in siftings, 
4 grams of red lead will completely decarbonize I grams of the 
steel. Care is taken at all Kmcs to cover bulky drillings with 
the oxide of lead, as any drillings that |)rojc ■( above the main 
body of the charge are likely to escape oxidation. 

For soft steels and annealed steels two sieves are used. One 
has a 20-mesh gaiizi' and the other one a GO-iik'sIi gauze. Those 
drillings that jiass the 20-niesh gauze but do not, pass the 60- 
inesh .sieve are used for analysis. 

'Plus arrangement rejects the line dust and the thick drillings. 
When very small pieces of steel are received they are drilled with 

inch diameter twist or straight drills. All sizi's of the Hat, 
or diamond ))oint, drills are kept at hand from J inch diameter 
to I inch. Any good mill blacksmilh can make the Hat drills. 
By these means it is rarely, if m-er, ni'cessary to resort to the 
copper and potassium chloride se]iaralioii of the carbon. In the 
laboratory of thi' Park Steel Co., when' many combustions arc 
made each day, covering a range from O.tll to 3.5 percent carbon, 
the writer does not recall more than a single instance in a year’s 
time when it was noce.ssary to resort to th(' double chloride 
process. 

The mixture of lead oxide and drillings is transferred from 
the weighing botfie to clay boats.* 'I'hi' size, 15X75 mm., is 
mostly used, being convenient. The boats are slipped into f 
clay tubes t of J inch inside diameter X 24 inches long. 'Pwo 
furnaces with their tubes are operated at the same time. P’or- 
merly, the outlet ends of these tubes were tilled for a distance 
of 125 min. with granulated copper oxide. Later the copper 
oxide was found to be unnecessary. Oxygen is used during 
the combustion. It passes through a jar containing pieces of 
caustic potash (Fig. 4). It next bubbles through a solution of 

The author now uses tlic clay boats for all combustions, and clay tubes, 
t Three-quarter inch inside diameter fused silica tubes are very desirable 
for this work. The litharge fumes and spills, however, will, in time, destroy 
them. The author sometimes uses a small inner cylinder of platinum just 
large enough to hold the boat. Iron oxide will flux silica tubes. (See clay 
tubes, page 294.) 

ITho author is now using tapered clay combustion tubes. (See page 291.) 
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potassium hj'droxido contaiiu'd in a safety apparatus (Fig. 5), 
and is then dried in jars of soda-lirne and caleiuin chloride of 
the design given in Fig. 4. Tliis drying :md purifying apparatus 
can be readily iirranged and secui'ely fastened in a space 2r)l)X UK) 
nun. 

The combustions are opi'rateir in the usual manner. The 
tube is heated to a yellow heat C.ISD^ ('.). 'I'lie combustion tubes 
are constantly kept hot .so that the coinbuslion conuneni'es almost 
as soon as the stoppers are inseiled. W’liili' the boats are being 
charged the oxygen is passing slowly through the' tubes and tin' 
weighing ami iibsorbing ;ipparalus whii'h has Ix'en pivviously 



weighed and attached. (This weighing apparatus is shown in 
l ig. f). It was dosigiK'd by the writer !is a substitute for the 
different forms of potash bulbs now in the market. It is made 
of heavy glass. It is easily kept clean, is not top-heavy, and does 
not ociaipy much space in a balance case.) As soon as the 
steel begins to burn, there is, at first, a rapid evolution of gas 
which cpiickly ceases. More o.xygen is then turned into the 
apparatus from the sU'el cylinder so that a .slow bubbling is main¬ 
tained through the weighing apparatus. When the oxidation of 
the charge is completed, the oxygen begins to rush through the 
apparatus at a high rate of speed. The flow of the gas is quickly 
checked to a normal rate, that is, it is cheeked so that it passes 
through a safety apparatus (Fig. 5) at a rate of about twenty-six 
bubbles per ten seconds. The stream is evenly distributed to 
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the two combustion tubes by means of a Y-tube ami screw pinch- 
cocks. The stream passes through the weighing apparatus 
(Fig. 6) at the rate of 250 c.c. every ten minutes, which is the 
normal speed. When the combustions arc completed in both sets 
of apparatus, as indicated by tlie passage of the gas at a high 
rate of speed, the normal is then maintained through the hot 
tubes ten minutes longer to insure complete oxidation and that 


h«-1J<"—h r*—^ ^ 



all of the carbon dioxide has been carried to the weighing appa¬ 
ratus. The products of the combustion pas.s through a purifying 
train shown in Fig. 7. The train connects with the glass 
tube leading from the outlet end of the combustion tube, 
by means of heavy combustion rubber tubing, at H. The gases 
pass through the cylinder / which contains a column of granu¬ 
lated zinc of 20-mesh fineness. The use of granulated zinc to 
remove acid and chlorine in carbon combustions was first sug- 
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geated by Dr. Edward S. Joliiison. Cylindor I ia 2.>IXl3 mm. 
The zinc is held in place with pings of gla-s.s wool. The ga-sea 
next, enter a cylinder ./ which contains a column of phosphoric 
anhydride. The phosphoric anhydride powd(>r is held in place 
with plugs of ignited a.sbestos. ('^vlinder ./ is 178X13 mm. 
(Hass wool plugs should not be used in ./, iis they become clogged 
after a few combustions. Ignited aslxsstos is free from this 
objection. 

The carbon dioxide, which is now freed from litharge and 
sulphur, and any acid fumes by zinc, and from any moisture by 
the phosphoric anhydride, enters the weighing apparatus I, 'I'he 
weighing apparatus is charged with 20 c.c. of potassium hydroxide 
consisting of one part of caustic potash dissolved in 1 [lart of 
water. The drying tube C, Fig. 7, is lillod with small pieces 



of dry caustic potash obtained by quickly cracking dry sticks 
of caustic potash in a porcelain mortar. Each end of the drying 
tube C contains a plug of asbestos or glass wool. Before inserting 
the rubber stopper in care must be taken to free the surface 
of the tube C from any moist caustic potash, as potassium 
hydroxide causes decomposition of rubber, resulting in con¬ 
tinuous loss of weight. 

During the passage of the oxygen the outlet 0, Fig. 7, is 
protected from the ingress of moisture or impure air by a guard 
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tubs filled with small pieces of caostio potash. This guard 
tube is not shown in fi'ig. 7. All parts of the apparatus shown 
in F’ig. 7 are connectet^ by heavy wall pure rublx'r tubing. 

When the combustions are coTupleted the weighing apparatus 
is detached from its train, ar^d the outlet of the train is closed 
with a glass plug. 

It is accurate to weigh the absorption apparatus (Fig. 6) 
filled with oxygen and thus avoid aspirations. In this way 
combustions can be carried through in twenty minutes. 

* The red lead used in this work must be thoroughly mixed 
and ground free of lumps before its carbon content is deter¬ 
mined. The so-called pure red lead costing about nine cents 
per pound in .'iO-pound lots is found satisfactory for the purpose. 
Blank combustions with 4 grams of red leail are at. |)rescnt 
yielding 6 mgs. of carbon dioxide which are deducted from each 
determination. Blank combustions or analyses of standard 
steels should be made each day. TTk' red lead is kept in tightly 
stoppered bottk's. 

Zirconia composition tubes, tapered tubes, have been in use 
for several years in the authoi'’.s laboratory; boats of zirconia 
also. 

The apparatus shown in k’ig. 5 was designed as a safety 
apparatus to prevent the potassium hydroxide solution from 
blowing over into the rubber tubing from any cause. The 
oxygen enters thcifhamber A' and bubbles through chamber /*’, 
which is filled to one-third its capacity with potassium liydroxide 
solution consisting of 1 part of caustic potash dis.solved in 1 
part of w'ater. F is 35 mm. outside diameter by 170 mm. long. 
Fig. 4 shows a tower or jar that is used as a container for sinall 
pieces of stick caustic, potash for purifying the oxygen. The 
pieces of apparatus shown in Figs. 4, 5 and 7 wore designed by 
the writer to avoid the U.SC of rubber stoppers. 

t The following results attest the accuracy of the red lead 
process: 

* On one occasion a lot of red lead was purcha,sed that was not uniform. 
No amount of mixing improved it. It was rejected. Subsequent kegs gave 
no trouble. Good commercial red lead gives about 0.004 gram of COj per 
4 grams and is very uniform. 

t Reprinted from The Journal of the American Chemical Society (with 
additions), Vol. XXVIII, No. 7, July, 1906. 
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alloy was obtained by burning the alloy with three to four times 
its weight of red lead. (See table at bottom of page 267.) 

A red hot body of copper oxide hastens breakage of com¬ 
bustion tubes by causinj^ unequal cooling strains when the furnace 
flames are lowered or extinguished for any reason. 

In February, 1906, the copper oxide w'as hrst omitted from one 
combustion tube. The space ordinarily occupied with copper 
oxide was filled, loosely, with ignited asbestos. The following 
results indicate that the u.se of copper o.xide in combustion 
with red lead is unneces.sary: 


Saniplr 

1 Will, rnpppr 

] Oxidr 

Per CViU r’arbrin 

Without Copper 
OxiHo 

1 FVr (Vnt Carbon 

3 square steel 

1 479 

1 477 

No. 288 

I 175 

1 175 

6H 

0 207 

0 207 

No. 1H)3 

0 712 

0 692 

No. 7013 

0 .520 

0 538 

C. No. 2 

1 18 

1 51 

No 2703 

0 31(1 

0 309 

No. 38.5 

0 425 

0 439 

No. 7014 

0 390 

0 393 

No. 7013 

0 401 

0 397 

No. 1241 

0 75 

0 705 

C. No. 3 

1 281 

1 283 

No. 701,5 

0.409 

0 407 

No. 7010 

0 481 

0 478 

No. 7017 

0 312 

0 315 

No. 7018 ; 

0 425 

0 43 

No. 7020 i 

0 431 

0 431 

No. 1200 

0 73 

0 75 

Fcrro-mangane.se 

6 31 

6 39 

Mixture of plumbago ami cl.ay 

4.5 90 

40 04 

Pig iron "B" 

3 01 

3 58 


Sampling—Two grams of red lead to the same weight of 
steel are sufficient where siftings of from 20- to 60-mesh, or thin 
curly drillings that can be packed in a close mass are obtainable. 
It is extremely rare that such a sample cannot be gotten; if 
the chemist will only insist that a piece of the steel be sent 
to him instead of drillings that frequently are coated with a 
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film of preaso,* or contain hits of |)a|)('i', fine filx-rs of wool wast(‘. 
leaf tobacco, blue steel, rust, scale, or clay, he can then take 
hia own drillings with the proix'r absence of variety.! Most 
chemists arc aware that the center of the dross-se(^tion of a square 
bar or round piece of steel often contains as much as 50 per cent 
more phosphorus, sulphur, and carbon than the outside part. 
Further, that sheet steel just as often varies as much in the.se 
elements, and lu .spot.s. Hence, to get an average and fair 
sample, a square bar or a round one should be drilled from the 
surface toward the inside, either halfway or all of the way 
through the sample when practicable. 

If for any reason the steel must be drilled on end then a row 
of holes of e(ju(il depth should b(' drilled all of the way across 
the section and all of the drilling mixed together. In like man¬ 
ner a flat bar or sheet should have a series of lioh's of the same 
depth drilled across it from edg(! to edge. A failure to obs(!rve 
these precautions often results m disputes between buyer and 
seller. 

It is surprising from what small and hopele.ss looking piccc.s 
of steel one can extract enough drillings of the proper cross- 
section for direct combustion analysis with a good assortment 
of small drilks aiul a little experience. 

The Taking of DriUings or Mtllingst Siiilat)le for Analysis .— 
In this connection one should read the remarks at the close of 
Chapter XI, Part I (page 271). Fig. IS shows a drill press oixirated 
with a direct connected constant speed motor of h. p. 
The press is equipped with an adjustable vise which can be 
turned at any angle .so that small and very irregular jiieces of 
steel can be gripped and held immovable during the drilling. 

* Clean greasy or oily drillings by repeated extractions with ether. Place 
the drillings in a small weighing bottle and shake them up with enough ether 
to cover them. The ether will become yellow if the drillings are greasy. 
Pour this ether off. Pour on some clean ether and repeat the extraction; 
pour off, and so on, until the ether is no longer colored. This process remove.i 
lint at the same time, as one can readily notice. The fluid will be seen to 
be full of many short fibers, at tunes. 

t Another cause of variable results is surface decarbonixation, or bark. 
When steel shows bark all drilling.s should be rejected until the drill passes 
through the decarbonized zone. If the sample is too thin for this precaution, 
then the condition of the steel should be noted on the chemist’s report. .See 
pages 423 to 429 on the cause of bark. 
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The drill cluick is kirpo piioiiuh so thol llu' sol sorow tliiit holds 
the drill in pliioe does not protrude, thorohy |)reveTititig any 
po.ssibility of the operator (letliiitj liis sleeve' eaunht and his arm 
twisted around the spindle. 'I'o prevent particles of od or jjrea.se 
from jjelling in tlie drilhnjjs, thereby ruinmj; the .same for the 
determination of earlion by l■onlllUsllon, the author had ii lai'ge 
ilisk of sheet iron pul ou lop of the ehui'k as shown, 'i'his pre- 
eaulion proved luvalualele. 

Fig. 1) gives the author's device for sampluig niaferiid tlial 
cannot l)e drilled by i-easou of extreme Ihmness ol I'ross-seetion. 

•1 



l'i(. * 


At this writing (luite a number of copies of tins tool are in use 
both at home and abioail. 

L.abor.vtohy Millinu Mac'iii.nb I'oii Sa.vii’lin(i Steel t 

In certain kinds of steel the author eneounli'red much difficulty 
in getting samples of sufficiently small mesh for the determina¬ 
tion of carbon by the direct method descnbi'd by him several 
years ago. 

The trouble was confined to thin sheets, wire, hack-saw steel, 

•On page 274 this milling mactiinc is shown with a power attachment, 
which is preferable when many .sanipies .are to be milled. 

t Reprinted from Journal of Induslnul and Lngmeerfng Chemistry 
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band-saw steel, razor blades, resistance ribbon, nails, and small 
samples of all kinds that are irregular in shape and difficult to 
hold in the drill press vise. 

The machine shown in the illustration afforded a successful 
means of avoiding variotis tim%-consuming expedients. 

The sample D of wire, for example, is held in the vi.se V-T. 
The millings are taken by means of a cutter, made of the best 
high-speed steel, and arc caught on a piece of cardboard at C. 

The automatic feeding device at A is hastened in its action by 
tightening the screw at /i. 

If millings are taken from very small gauge wire, a large 
sample can be obtained more quickly by twisting the strands 
together after cleaning the same with emery cloth, if rusty. In 
this way the cutter mills as many lengths as desired at one time. 
This machine mills copper wire with great ease. It makes 
easy the getting of the large quantity of material required for 
the determination of oxygen in copper, for example. In like 
manner, when it is desired to expedite the taking of large samples 
from extra thin sheets of metal, these sheets can be cut in strips 
with tinner’s shears. The strips from the same sheet can then 
be laid one on the other, clamped in the vise, in layers, and 
all milled at once. 

The milling cutter can lx; sharpened several times. 

It is desirable, and well worth the small amount of time 
involved, to anneal*all samples received, if they are not already 
in a softened state. This operation can be done in a half hour’.s 
time by heating the sample to 800° C. (bright red), quenching 
at once in water and then holding at 620° to 630° C., for twenty 
minutes (low red). Samples that cannot be quenched for any 
reason should be annealed as described under Annealing, pages 
414 to 421. 

The millings obtained by this laboratory tool are not sifted, 
as they are just right for direct determination of carbon by 
combustion in oxygen. 

If the sample submitted is sufficiently rigid, it does not need 
to be held by both ends, as in the case of the sample of wire. 

This machine, as illustrated, has been in use in the writer’s 
laboratory for some years. Since its introduction, the samplers 
no longer dread the appearance of wire and steel ribbon, this 
work being now a mere matter of easy routine. 



STEEL WITH HAUD AND SOFT LA VEILS 


273 


The first cost was a bagatelle coniparetl to the saving of lalior 
in one month. 

The Taking of Drillings or Millings.—//(inf amt Soft Laycra. 
—Samples of steel are freciuently submitted tliat consist of welded 
layers of hard and soft stt'el, such as soft-center, three-ply knife, 
inserted and overcoat axe l)it, jail-bar, safe steel, and “faced” 
hoe. Quite often, when there are but two layers, the hard one 
can be stripped from the soft one by placing the (ximiKisite in a 
vise and driving a cold chisel between the layers. 'I'he hard 
strip can be annealed and milled. If stripping is not feasible, 
then the .sample .shotild be annealed and the hard itortion drilled 




5 h- 

0 

1‘llOTO A 

with a shallow, diamond pointed, wide drill of Ij inelu's diameter 
at the wings. 

If it is de.sired to drill a hard layer bi'tween two soft ones, 
the whole piece can be heated to bright redness and quenched in 
water. The soft layers can then be machined, or ground off. 
The hard center can then be annealed and milled. 

It is a little more difficult to obtain drillings or millings from 
a soft layer lying between two hard ones. In such a case the 
cross-section of the steel should be polished fairly smooth and 
etched with 1.20 nitric acid to clearly define the exact depth of 
the layers. The higher carbon zones will be plainly marked as 
black bands while the soft steel will retain its natural color. 
The sample is annealed before the etching is done, so that one 
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of the black Iay(‘r8 can bo inachiiiod away. The white layer can 
then be drilled with a wide, flat drill, afbir quenching from 1500° F. 

In geni'ral, it is a good thing to etch the polished .s(Hdion of 
samples, a.s often, by*so doing, hard layers or insertions are 
discovered when h'.ast suspected; or curious defects, or .s])ots or 
streaks, or st^gregations are rc'vealed. 

Ted for Segregation, Clo-seil-up Pipe and Flaws .—Segregated 
steel beconu's deeply pitbal, in tln^ segregated parts, on being 
.suspended in sufficient 2 : 10 suipburic acid to maintain a con¬ 
tinuous evolution of hydrogen for several hours. Polish the 
piece fairly bright and smooth before nniking the test. Ktch 
cold. Photo A shows hidden flaws revealed by deei) etching. 



CHAPTER XI 


Part II 

THE DETERMINATION OF CARBON IN STEEL, FERRO-ALLOYS, 
AND PLUMBAGO BY MEANS OF AN ELECTRIC COMBUSTION 
FURNACE• 

In 1908 it occiirrod to tho luilhor that a siK'cial rosistance 
wire c'ouhl be applied to tlie lii‘atiiin of coinbuslion tubes. A 
drawing was prepared for a furiiae(“ (}f a inutile type to lieat 
four tubes lying in the same plane and iiarallel. 

After some correspondence it was agri'i'd at first to try a 
single tube furnace. It consists of a steel lube 29.') mm. X7I).;! mm. 
containing a non-conducting packing of solid infusorial earth. In 
the center was a quartz tube wound with the patent wire. 
Inside of this tube was placed another of the .same material of 
19 inm. I. U.X600 mm. long in which the combustions were made. 

Photo No. 7, page 270, sliows the author's present eomlarstioii apparatus giv¬ 
ing the arraiigeineni of two fiiriiaees in paiallel The front fui nace tram 
at the exit end of the coinbiistioii tulie is sliowii. 'I'lie same portion of 
tlie train is not shown for tlie rear furnace. It, U show the author’s 
design m rheostats. 

.t. Mercury pressure gauge for detection of leaks and stoppages. 

H. Safety jar for iiotassiiiin liydroxide solution, pneventing solution from 

backing over into ruhlier tubing. 

C. Jar for stick iiotassium hydroxide or for any solid drier or absorbent. 

D. Calcium chloride jar. 

E. Tapered clay and rubber connector for the charging end of the tapered 

combustion tube. 

F. 

G Electric combustion furnace. 

II. Jar for granular zinc to remove 
Acid fumes, 

Litharge fumes, 

Sulphur fumes, 

Chlorine fumes. 

I. Jar for jihosphoric anhydride to remove water. 

J. Absorbent and weighing aiiparatus for carbon dio.xide. 

K. Guard tube—not to be weighed. 

* Reprinted from the Journal of the American Chemical Society (with 
additions), Vol. XXX, No. 5, May, 1908. 
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Photo No. 
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Photo No. 8, pnco 27S No. 11, sliows tiu'juitltor's furtmcc';i.s ho 

built if whon ni-oiiroino w no ooiilit ho houfilit without nhso piiyinR u yoiirly 
lioonso on nil dovioos into whioh it is put, in luhlition fotho pnoo of tlio 
wiro; No. 1 in this photo is fho inoroiiry pro.Nsitro giinRo; No. 2 Iho Kdll 
siifoty jar; No. 3 oontanis stiok KOII, No. I oontains anhylrons nilonini 
ohioriili'; No. 5 .shows tho nibbor slmwo oonnootion at tho oharitinK ond 
of Iho lapored ooinlnisimn tubo of ziroonia oomposilion; No 7 shows 
the author’s design of fuinaoo with tho solid while easing of infusorial 
earth oonsisting of a split oylmder; No S is his /.mo jar; No 1) is tho 
INI >6 jar; No. 10 is his KOI I absoipt ion and weighing apparatus and No. 12 
IS a little guard tubo filled with small jikm'os of dry KDII This guard 
lube IS not weighed The weighing apiiarutiis is shown di.iwii to .oalo 
111 illustration No. I'l. 

At llitil liiiio till' writer put in ;i siimll H2-(ilim rlu'iistiil tliat. 
Iiapppiit'ii to lip at hand, and willi ahoiil oiip-foiirlh of tins ri'.si.sl,- 
luipp lilt' ftiriiaop, on a 22l)-volt diroot piirroiil, iiniiiilaiiipd a 
constant tpin|)praliirp. d'o secure coinplctP conilinslion of sicel 
it is very essential fliat the lic.at he inainltuned as close to IhSO” 
to 1000° ('. as possible, i.t'., ;is little under that feinpi'raluri' as 
praeticahle. If the leiiiperature drops lo about 000° or under, 
the results obtained are Habit' to be fi'oni 0.01 to 0.10 per ct'iit 
too low, unless red leail is ini\ed with the, drillings. Hence, if 
one desires to oiierate with o.xygeii alont', tho uecessily of kt'eping 
the temperature from 080° to 1000° (I. cannot be made loo 
emphatic. 

The oxygen is piirilied by passage through fars of stick caustic 
potash, pota.ssium hydroxide .solid ion, calcium chloride iii I he 
order named, d’hc oxygen tlii'ii pas.ses into the (piarlz (fused 
silica) or clay tube, half of which is filled loosely with ignited 
asbestos. 'I'he prodncis of the conibiislion are luirificd from acid 
sulphur, litharge or chlorine fumes hy passing Ihroiigh a jar of 
granulated 30-mc.sh zinc. The water is removed by a jar of phos¬ 
phoric anhydride. 

For steels containing from ()..d0 to l..5() per cent carbon 1.3636 
grams of fine drillings, not over J mm. thick are taken. For 
still lower percentages of carbon 2.727 grams of drillings of 
not over 20-mesh size are selected. 

The sample is weigherl into a clay boat. The .steel begins to 
burn by the time the stopper of the combustion tulx; is in place. 
One gram of steel is decarbonized in three minutes and 3 grams 
in six minutes. The burning is continued for ten minutes more 
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with oxygen passing througli the ooinbustion tube at a rapid 
rate. The weighing apparatus is detached, wiped and weighed. 
Twenty minutes afford ample time for a single combustion, count¬ 
ing all operations. ♦ 


Hi^'hor Tiihintf 



The weighing apparatus and tin- jars for the purifying train 
are the author’s design, and were first published, in part, with 
illustrations, in the January Journal of the Engineers' Socielg 
of Weskr 7 i Eennsyleania, 190C, and more fully in the Journal, 
Am. Chem. Soc., XXVTII, 802 (11)00). 

While no red lead is necessary for steel combustions, some of 
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the alloys, such as ferro-chromo, carbonless (chrome and ferro- 
boron, require that red lead l)e mixed with the drillings or 
powder to break the metallic bond and permit of decarboniza¬ 
tion. Fcrro-chrome its the most refractory, a.s from a carbon 
content of mort^ than 4 per cent only 0.2 per cent was obtained 
by burning as in steids with oxygen alone, at a temperature 
of 040°. Pig iron also re(|uires .some red h'ad. 

A few of the many compai'isoiis imuh^ in this laboratoiy 
between the comlnistions in a g.as fiu'iiaci' with red lead and 
oxygen and combustion in oxyuen alone arc given in Table 1: 


Saiii.-lo 

M.'t'.o.l 

W ,.1 '111 lit 

1 U |I||II|.’S 

\ lllollllt of 
i{<n| l.ojtl 

Per Cent 
(''irloiti 



t i| <UllH 

1 s.-cl 

Pouiul 

1 .steel 


1 

Nont' 

0 00 

1 " 

Red h'lid 

1 

7 

0 00 

2SS ■ ‘ 

Iblcclnt' 

2 

None 

1 170 

2SS ‘ ‘ 

Kcti I<‘a0 

•) 

4 Ki-ims 

1 17') 

2 ' ‘ 

lbl<‘c(rif 


NtJiie 

0 121 

2 ‘ ‘ 

Red li'.'id 

\ 

7 grains 

0 111 

1! " 

Iblfflllc 

11 

Nein' 

0 07t; 

2 “ 

Risl lead 

1 

1 grams 

0 907 

■1 ■■ 

Iblcctlic 

;! 

None 

0 199 

1 " 

Red le.ul 


7 grani.s 

0 118 

') '' 

rif 

■j 

Noik' 

0 109 

’} * ‘ 

lied lead 


1 plains 

0 474 

(1 " 

Ibleetile 

2 

None 

0 720 

1) “ 

Red lea.l 

j 

4 j;ranp^ 

0 7.!7 

7 ■■ 

Ibleet ne 

d 

None 

0 US 

7 “ 

lit'd lead 

1 

7 jicains 

0 117 

8 " 

I'dt'elrie 

2 

None 

1 17 

8 '■ 

Red le.-id 

2 

4 grains 

1 lOS 

9 “ 

I'deelrie 

2 

Non(“ 

1 1.7 

9 '■ 

R(sl leail 

2 

4 grams 

1 10 

10 “ 

I'deelne 


None 

0 040 

10 “ 

Red lead 

1 

7 grams 

0 010 


The advantages of lh(> electric heating apparatus are obvious. 
Very little heat is radiated; economy of space is attained; tubes 
are heated gradually and cooled gradually; time required is 
the minimum; labor cost is plainly the lowest because of sim- 


Or litharge. 
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plicity and rapidity, and no cxpcn'^ivc plalinuin tulica or Ixrats 
or I'rucildt's arc used. 

Some may say, “Why not Imin the steel in air?’’ 'I'lie answer 
is that the cost of o\yj;(ai is small, one-thiPd rent per eomhustion, 
anti the stet'l Imi'iis twice as fast m o\yf;en. Oxyiten can now be 
had af Ij cents per ciihic fool m’ittt) laihic foot cylinders. The 
method is accurate for all steels. As poinletl out. in tiu' author’s 
article and in his prehmiiiarv paper read before the PittsbiirRh 
t'ection in necemlx'r, lOt):), one may lost' as much as .'it) per cent 
tif the carbon in certain alloy steels by attemptini> to ilissolve 
the borings in either neutral or acid tloiible chliiritle of copper and 
pota.ssium. 


KICItItO-\!,LOVS \N0 I’l.l'.MH iOo 
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l►ltlllIl/> 
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Ued lead 
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Fcrro-viiuadiuin, No. 131 
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\ grams 

3 09 

Forro-titanium, No. 1 
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0 22 


Itcil l.■,•^ll 

2 0 

4 grams 

0 24 

Ferro-boron, No. 1 

Idirlnr 

1 0 

1 gram 

1 73 


Itcil Ic.'ld 

1 0 

4 gram.s 

1 72 

f Carbonless elirome, No 1) 

1‘dfM‘tric 

1 0 

I gram 

0 08 

l 9(5.0 per cent chronimm 

Red lead 

1 0 

4 grams 

0 09 

Pig iron 


1 0 

None 

3 20 

“B” . 

l'3o«-lrie 

1 0 

0 5 gram 

3 .58 


Red load 

1 0 

4 grams 

3 .58 


The best protection for the bottoms of clay or porcelain boats 
is a liberal layer of ignited crude zirconia (zirkite).* 

• Read page 292 concerning the use of sand in combustion boats. 
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To secure complete decarbonization it is necessary either 
that thin drillings be used, or if the sainph; (contains much coarse 
or bulky material, it should be selected. 'I’liis can easily be 
accomplished by pouritig the borings on a 2()-mesh sieve and 
•shaking all of the steel of 2()-mesh size and the still more finely 
divided dust on to a (iD-mesh‘sieve, which retains only' the 20- 
to 60-mcsh material. This always represents a good average 
sample. 

Further, the drillings should be placed in as compact a mass 
as possible. If curly drillings are scattered along the entire 
length of the boat instead of being put in a deep, compact body, 
borings that are a little thick will frequently he found to still 
contain unburned metal. This detail is a very important one. 
Of course, the reason is that drillings lying in clo.se (anitact, heat 
each other to incandescence during the burning with oxygen. 

Also, during the period when the oxygen is being .absorbed in 
large quantity by the burning metal, the flow of the gas should 
be regulated so that there is an excess. That is, the oxygen 
must be turned on in sufficient (luantity so that the gas is bub¬ 
bling through the weighing apparatus slowly.* However, if the 
gas is rusluHl through .7 during this period the steel becomes 
violently heated and slags witlijln; sides of the boat, destroying 
the latter. Wors(> yet, low results arc obtained frequently in 
this way, probably due to the formation of carbon monoxide, 
which is driven ou| of the hot poi tioii of the tube before it is 
oxidized to the dioxide, or the slagging over of unburned steel. 

If the oxygen is turned into the tubes in sufTicient quantity to 
maintain a slow stream during the period of the burning, the end 
point of the combustion is distinctly shown by a sudden increase 
of the speed of the bubbling through J. The rush of oxygen 
is then checked, but the rate of flow is still rather rapid for the 
final ten minutes. (Photo 7, page 276.) 

The weighing apparatus J (Illustration No. 1.')) is filled not 
quite to the bend of the inlet tube with a solution of potassium 
hydroxide made by dissolving ,500 grams of the latter in 500 c.c. 
of water. The drying tube at the outlet of J is closely filled 

In order to maintain the slow bubbling through ./, it is necessary to 
increase considerably the rate at which the oxygen is passing through B 
during actual burning of the metal to oxide. This also generates the required 
white heat in the steel at the critical time. See page 276. 
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with pifiops of slick c:uis(i(^ potasli criickod to ahoiit tlip size of a 
grain of wheal and a layer of soda lime above the KOH. To 
prevent llie canslic iiolash from coming in coidact with the 
small rubber slopper m llie di'ying Inbe a’/oesc plug of asbestos 
or glass wool is placed at lhal point. The liltle bulb of this 
drying tube is Idled about half full of glass wool. If dry sticks 
of caustic polash are cracked ijuickly, the small pieces can bo 
conveyed to Ihe drying tube in dry condilion and conslilulo not 
only a splendid guard against loss of moislure from J but are 
also etpially effeclive as an .ab.soitieut of carbon dioxide. 

The zircoiua composilmn, baX7’) mm., boat is Ihe best shape 
and most durable of any boals lhal llu' wnbu- has Iried.* When 
putting in Ihe ZrOs bollom, till Ihe froni half of llu' boat about 
two-thirds full and Ihen willi Ihe butt end of tlu' forceps make 
a trough in llu^ Zr()_>, working it well up llu^ sides of Ihe boal. 
Pour the drillings from the weighing bottle into this depression. 
By so doing the drillings are kept in a compact mass, and when 
the combustion is comph'b'd Ihe burned steel can be lifted out 
in a small cake. In this way a boat can be used many times. 

When a great many combiislions are made daily, the zirconia 
tube is the most .servici'able. d'hi' coiiliiiuoiis spraying of oxides 
against the walls of a porcelain tube weakens it, and when the 
current is turiu'd olT and the tube is permitled to get I'old the 
contraction causes a ruplure. Avoid spilling steel in a (piartz 
tube. Tapered tubes are Ihe best.f ^ 

To prevent the contents of I) and (' from <dogging the 
inlets and outlets, large plugs of cotton are used at these points. 
(Hass wool plugs should be used in II and loose plugs of ignited 
asbestos in I. The inlet end of a quartz tube heats somewhat, 
and it is better to wrap it several times around with a strip of 
cheese-cloth, the end of which dips into a 150 c.e. beaker of water 
suspended directly underneath by means of copper wire (see page 
293.) During the absorption of carbon dioxide the outlet of J is 
protected from ingress of moisture or carbon dioxide or fumes from 
the room by a drying tube K shown in Photo No. 7, page 276. 
It is filled with pieces of stick caustic potash broken to the size of 
a pea. No wet wrappings are needed with tapered clay tubes. 

* These boats are now in general use. 

t Read page 294 exincerning the vitrified zirconia-composition combustion 
tube designed by the author. 



284 


DETERMINATION OF CARBON IN STEEL 


Oxygen can now be had, under high pressure, in r)0-foot cylin¬ 
ders at about 2 cents per cubic foot, and in 100-foot containers 
at about cents per foot. The latter (luantity will supply two 
furnaces, night and daV, for two months. (1914.) 

Gas Combustion Furnace with Blast. —The gas combu-stion 
furnace, described by the leJding supply hous(!s as “for draft 
or blast, with adjustable flame length” can be made very cITcctive 
where compressed air is at hand. The author modifies it as 
follows: I'Tom the 4.50 mm. size take out one pair of tiles; shove 
the other two pair together into the middle of the furnace frame. 
Put the removed tiles on top of the remaining four to lessen 
radiation of heat, ('lose all of the burner shutters except the 
four middle ones, bet the inlet end of the | inch inside diameter, 
.30-inch electro-quartz tube project 12 inches beyond the tiles, 
and the outlet end 6 inches beyond the tiles. Fill the latter 
end, loosely, with ignited asbestos for a distance of 8 inches, 
beginning at the stopper. Wrap both ends at the stoppers with 
wet cheese-cloth. It is essential that the combustion tube 
be at least 30 inches long, and either of electro-quartz or platinum, 
a.s with air blast and gas the furnace will heat the tube to 1000° C. 
in twenty minutes. 

The Direct Determination of Carbon in Steel, Ferro- 
Alloys AND GrAI’IIITE BY MeANS OF A (COMPRESSED AlR 
AND Gas FurSace 

Compressed air should be considered a necessity in all chem¬ 
ical laboratories, however small, where ignitions of any kind are 
part of the daily routine. With this great aid to combustion the 
furnace shown in the illustration (Fig. 16) can be made to heat a 
j-inch bore fused silica tube to from 1150° to 1200° C. in from 
fifteen to twenty minutes. The cut shows the writer’s modifica¬ 
tion of the original arrangement of the tiles. One pair of the 
latter is removed from a 495 mm. furnace; ’* the other two pair 
are shoved together into the middle of the furnace. The removed 
tiles are placed on top of the middle pair forming an arch at P, P. 

The vacant spaces at either end of the frame are packed with 
asbestos wool. All of the burner shutters arc kept closed except, 
the four middle ones at 0. To permit the flame to pass up freely, 
No. 17 furnace, 18 inches long. 
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the tiles are separated about J iuch at the bottom, M", M'". 
and j inch at tlio top, M, M' (Fig. 10). This is easily accom¬ 
plished by sliding one-half the iron frame up the inclined iron 
supports. OiK^ can readily adjust the ail* pressure and the gas 
at the points indicated to produce tirit)” ('. in ten minutes. The 
range between 950° and 1(XX)° is IX’st for the work. 'I'o provide 
for variations of air pressure a small regulator is located at R. 
1 his regulator is inexpensive and can be bought from any con¬ 
cern supplying pressure faucets. 

To prevent the cracking of the fused silica (electro-cpiartz) 
tubes when using this furnaci> for the determination of carbon 
in steel by the direct combustion of the drillings in oxygen, a 
small inner sleeve or lube of platinum or nickel should, by all 



Fig. 10 . —iSIiowing the Flelelier I’lihe Funeiee as Mollified hy the Author and 
fitted \Mlh he (’onilmsl loll 'iVaiii 

means, be at hand. If the (piartz condiustion tube be h(‘ated 
much above 9.50° ('. and a single drilling is spilled in it, or the 
highly heated steel cuts through the clay or porcelain boat, the 
oxide of iron forms slag with the silica of the tube and the latter 
will soon crack. To avoid frctiui'iit and expen.sive breakage of 
combustion tubes fiom this cause the writer, in lOtXi, designed 
the small cylinder of platinum shown att,>, Q’ (Fig. 10). Q shows 
the open end of the same and Q’ gives a view of the closed end 
of the cylinder. One-half of this end is perforated with small 
holes. It is 125 mm. long and 18 mm. in diameter. It can be 
made to weigh not over 30 grains and at a cost of about $28.00,* 
at that time. The cylinder is k(>pt in the combustion tulie. To 
receive the charged boat and for the removal of burnt residues 
this holder is drawn nearly but not quite to the entrance of the 

* The present high price of platinum makes this cylinder undesirable, a 
clay cylinder could be used in 1 in. bore tube. 
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quartz tube. Keep it just a little bank of the .stopper. The 
clay boat into which the steel drillings are poured, in a little 
pile, is slipped into the cylinder and the combination is quickly 
pu.shcd into the hottevit part of the (combustion tube. The tube 
is stoppered a.s rapidly as possible and oxygen is immediately 
turned in with sufficient vokme to maintain a medium rate of 
bubbling through the absorbing and weighing apparatus J. Aft 
sogn as the steel gets heated, it begins to absorb oxyg(m in large 
quantities as shown by the slackening of the rate of bubbling 
through J. It is highly important to continue to turn in more 
of the gas so as to always maintain an exei'ss of it or low results 
may be obtained. Incrf'ase the How of the oxygi'ii through (' so 
as to keep up a fairly rapid stri'am of gas jiassing through J 
during the absorption period. VVIkui the burning is completed, 
which occurs in about five minutes after the tube has been 
stoppered, the oxygen will begin to rush through J at a high rate 
of speed. The flow is now chi'cked to the normal, which is still 
quite rapid, as but ten minutes more are allowed to complete the 
cgmbustion of 2 grams of steel and carry all of the COo over into 
the weighing apparatus J (Fig. 10). Allowing two minute's for 
the final weighing, an accurate combustiou of steel drillings can 
be made in from twenty to twenty-two minutes. 'I'he writer 
operates furnaces in pairs by a two-way connection. This still 



Fig. 17.—No. 17 Furnace Open 
Ready for the Introduction of a 
Tube. 


further reduces the average time 
per combustion, counting all opera¬ 
tions exce])t the drilling of the 
sample. 

The .second furnac(' is placed 
parallel with the out' shown in 
the cut. The air pit'ssure for this 
extra furnace is bled from a cock 
on the furnace, shown) at A (Fig. 
17). It is the middle one which 
is clo.sed in the illustration (Fig. 
16). The air is conducted from 
this point to the same cock on 
the additional furnace by heavy 
pressure tubing. In this way air 


for two furnaces can be supplied 


from one regulator at R. By similar means, through a F not 
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given, gas can be furnished from the one gas nipple located 
near R. 

The oxygen is turned in at oxy (Fig. 1^) .and is distributed at 
the first Y to the pn-ssiire gauge at .1 whieh eontains a little 
inereury. It serves the two-fold ]jurpose of indieating stoppages 
and leaks. If there be a stoppage, the inereury will ri.se to an 
abnormal height in tiu' tube that di|>s under the mercury in A.* 
To test for leaks, |)lug with a gla.ss rod the outlet end of the 
purifying train at the point where the absorption and weighing 
apparatus J is shown attached. 'I'hen turn on the oxygen until 
the mercury rises in .1 to the first bend of its outlet tube. Then 
shut off the oxygen. If there be a k-ak beyond (' in the direction 
of the furnaec', the mercury will slowly drop and the slightly 
compres.sed oxygen will bubble very slowly through <’, if the 
leak Ix! a small one. Hut, if thi' leak be somewhere belween 
and the, oxygen tank in the direction US'S, then instead of 
there being a bubbling through (', the tliiid in the latter will 
recede from the bottom of (', rising up into the side bulb of (!. 
The valves on oxygen tanks fre(|uently develop leaks ami the 
little gauge at once calls alti'iitioii to the fact if this lest is made. 
C is filled to the distance shown in tlii' drawing with a .solution 
eonsisling of 2.aU grams of caustic |)otash dissolved in 2.')() e.e. 
of diBtilled water. The oxygen, after passing the first enters 
B via the glass tiibi' .S',S'. It Ihi'ii passes down through B (h'ig. Iti) 
which has a loose plug of cotton at the to;» and is filled with 
short pieces of slick caustic potash. The gas li'aves B at the 
bottom outlet and enters (' via the S-.^haiied glass tube. The 
gas bubbles through the lliiid in (' and enters I) at the top where 
there i.s a loose wad of cotton. I) is tilled with alternate layers 
of anhydrous calcium chloride and cotton. The gas leaves D 
at the bottom outlet and enters E at, its bottom inlet. E is 
filled with alternate layers of cotton and .soda-hme. The bottoms 
of the jars arc filled with loo.se plugs of cotton to prevent the 
clogging of inlets and outlets by these salts. The oxygen travels 
up through E and, by way of a glass tube, can be distributed 
to the pair of combustion furnaces at the second tube. 

The combustion tube is of fused sdiea, or clcctro-quartz. It 

• When two furnaces are in operation the required pressure in A will cause 
the mercury in it to rise to a height of about ,3.5 mm. It is a great advantage 
to have two furnaces. One checks the results obtained in the other 
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is 30 inches long and projects 12 inches beyond the furnace frame 
at the inlet end and 6 inches beyond the frame at the outlet 
end. It is filled loosejy with ignited asbestos for a distance of 
8 inches beginning at the outlet end. Both ends of the tube are 
wrapped at the stoppers with jvet cheese-cloth, the ends.of which 
dip into the beakers filled with water as shown at N, N'. The 
products of the combustion arc purified from litharge, stilph\ir, 
chlorine, and acid fumes by a jar of granulated zinc of 20-mcsh 
fineness (H). The gases are further dried by passing np through 
a jar of P 20 ,r, powder (1). “1” has a loose plug of ignited asbestos 

at the bottom of it and a similar one at the top. The pure CO 2 
is now received into the weighing apparatus J which is filled with 
the same kind of solution as given for C, halfway to the bend of 
the tube that dips into it. The guard tube L is filled with small 
pieces of dry caustic potash prepared by quickly breaking the 
dry sticks in a porcelain mortar to about the size of large grains 
of wheat.* Reject the dust and use it for the absorbing solution. 
Such a tube makes a most effective guard against loss of moisture 
from J and also acts as a further absorbent of C'02. This appa¬ 
ratus J-L is good for forty ordinary steel combustions at a rapid 
speed. It is weighed against a mate and thus eighty combus¬ 
tions are obtained from a pair before refilling is necessary. D, B, 
E, I, and H arc refilled by removing the glass goose necks. 
The tube K is filled with the same material as L and prevents 
any suction of impure air into the weighing apparatus during 
the process of a combustion. The author designed the entire 
train several years ago with a view to reducing the use of rubber 
stoppers to a minimum and to provide a convenient form of 
weighing apparatus for carbon dioxide. When using J-L for the 
determination of carbon in plumbago (natural graphite) it is 
replenished when 3 grams of CO 2 have been absorbed. 

It is important that the small tube that dips into the KOH 
solution in L-J be not less than 6 mm. outside diameter and that 
its internal diameter be not reduced as it is very necessary for 
rapid work that it deliver large bubbles to the absorbing fluid. 

In ordering quartz or fused silica tubes the chemist should 
specify that the ends be fused smooth, free from inside chipping 
and grooves, and of practically round bore, otherwise he may 

* The bulb of L is filled with glass wool. The little rubber stopper is 
protected from the pieces of KOH by a loose wad of ignited asbestos. 
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have unpleasant experiences with leaks at stoppers. He should 
further insist that the tubes be of full J inch inner diameter 
for at least three-fourths of the length, or his small protective 
cylinder may stick in the tube. * 

Care should be taken to keep the heat of the furnace very 
little in excess of 1(K)0° ('. as comtmstion with oxygen at higher 
heats will cause the drillings to flux with the boat, cut through 
the latter, and at times stick to the protective sleeve. The 
operator will soon learn to judge the proper heat without a 
pyrometer. If on drawing out the boat he finds nothing in it 
but a fu.sed slag and that, fK'rhaps, the latter has cut through 
the boat, then he has been working at a temperature in exce.ss 
of 1000° C. If he finds a residue that is a dull bla(tk mass of 
oxide which can l)e broken off short in his fingers, does not present 
more than a slight melted apix'arance on lop and does not con¬ 
tain particles of unburned steel, then the temixirature of the 
furnace is just right. If the residue instead of being of a dull 
lustrous jet black has a slightly reddish appeaiance, the com¬ 
bustion has been made at too low a heat and tlu' decarbonization 
is incomplete. If the combustion tube presents a white hot 
appearance, inside, the heat has attained to 1200° C. If the 
heat has a dazzling effect the temperature is still higher. A 
yellow heat, viewed in the bright daylight, is about 950° to 
980° C.; a bright yellow, suggesting the first apirearance of 
whiteness, is about 1150° C. By exercising a little care in 
adjusting the air and gas supply this furnace can be operated 
with very little noise or radiation of heat and yet develop from 
980° to 1000° C., which is ample for direct combustion of steel 
in oxygen. A small milling attachment should be on every 
drill table, such as is used in “gumming” saws. In this way 
finely divided millings can be obtained from thin sheets, wire 
and razor blades. The author used one-eighth pitch cutters 
that were held in a chuck in the same manner as a drill. The 
sheet or wire is clamped to the drill table and is shoved against 
the milling cutter which is revolving horizontally. The author 
now uses his milling machine (see page 271, Fig. 9), 

The drillings or millings, which should be either very thin, 
medium size, curly ones or should pass a 20-me8h sieve if from 
soft or annealed steel, are put in the boat in as compact a mass 
as possible. The drillings should not be scattered. Do not 
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try to remove the residue after a combustion. Put in the next 
sample in a little pile and as close as possible to the oxide remain¬ 
ing from a previous analysis. In this way many carbon deter¬ 
minations can be made in a zirconia boat without bothering with 
a sand bottom. Of course porcelain boats can be used for this 
work but they are more expensive and do not last as long 
as a well made clay boat. Zirkitc should be used to protect 
the bottoms of the porcelain boats. As stated the author has 
found that, with a little practice in manipulation of the gas 
and air pressure, the furnace shown in the cut can be made to 
heat to from 980° to 1050° C. with very little noise and radiation 
of heat. On the other hand it can be run with much unnecessary 
racket. In this laboratory natural gas is used at a pressure of 
8 ounces. A moderate air pressure is sufficient, i. e., about 
30 pounds. 

When making direct carbon combustions of pig iron in oxygen, 
shake up with the 1 gram of sample half this amount of red 
lead or litharge to break the bond between the iron and silicon. 
This secures complete combustion of pig iron. For refractory 
substances like ferro-chrome, carbonless chrome, silicon carbide, 
metallic silicon and ferro-boron, weigh 1 gram of sample and 
mix the same with 4 grams of litharge. Put this charge in a 
clay boat and proceed with the combustion as given for steels. 
Deduct a blank due to the CO 2 obtained from the lead oxide. 
It is safer to foljow this plan for tungsten and molybdenum 
powders, ferro-silicon, ferro-vanadium, ferro-titanium, and ferro- 
molybdenum. All varieties of plumbago or natural graphite that 
the author has analyzed in connection with the plumbago crucible 
factory of this works, when finely ground as described in his 
methods for the analysis of graphite, burn completely to CO 2 in 
oxygen. Some of the finer grades of the natural concentrated 
product yield 99 per cent pure carbon. It requires about forty- 
five minutes to completely burn such material. 

When using red lead or litharge to secure complete com¬ 
bustion of the carbon in ferro-alloys rich in aluminum or silicon, 
or both, the charge is placed in one end of the clay boat, vrithmU 
a sand bottom. After completing the combustion which proceeds 
just as quickly as that of a steel with oxygen, alone, the used 
part of the boat is broken off and the other half is then taken for 
further combustions. The best way to determine the blank, 
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due to the lead oxide, is to burn 2 or 4 grams of it with some 
20- to .lO-inesh siftings of a steel, the carbon content of which is 
accurately known; or with 2 grams of small thin curly drillings 
of some standard steel. The excess of ca*bon found is the blank 
due to the load oxide. A good c. p. or commercial red lead or 
litharge will giv(' a blank of about*0.004 gram of CO 2 per 4 grams 
of lead oxide. 

L-J is willed off with a piece of clean cheese-cloth or a clean 
handkerchief before each wcaghing of it. Its outlet and inlet 
ends are kept closed with small rubber caps when it is not con¬ 
nected in the train. The.s(> caps are removed during weighings. 
Not more than two minutes are spent in weighings at the end of 
thg combustion. One minute is sufficient to weigh the drillings 
at the .start. One or two minutes mon' may l)e consumed in 
transferring the boat to the combustion lube, and connecting L-J 
in the train. Rut fifteen minutes are required to burn the sample 
and carry all of the (X )2 to L-J. In this way perfi'ctly accurate 
combustions of all kinds of steels, either i)lain or alloyed, with 
any amount of tungsten, molybdenum, or chromium can \xi 
carried through in twenty minutes. 'I'his is the routine practice 
in this laboratory when making bath tests of open-hearth heats 
before same are ready for tapping. 

This furnace has one maikc'd advantage over electrically 
heated furnaces, in that it can brought from a cold state to 
1000° C. in ten minutes. It can also bo ad^sted to tit any size 
combustion tube. (See Fig. 17.) 

Rapid Bath Test for Carbon by Combustion.—Weigh 1.3636 
grams of 60-mesh or thin curly drillings into a clay boat. Place 
the boat in the combustion tube lu'ated to 1(X)0° (t. Pass the 
oxygen at a rapid rate—three bubbh's [kt second for five minutes. 
Continue this burning for five minutes more. Detach the absorb¬ 
ing and weighing apparatus, No. 10, Photo No. 8, page 278, 
and weigh. 
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Part III 

FURTHER NOTE ON THE DETERMINATION OF CARBON IN STEEL 
AND FERRO-ALLOYS 

Surface Decarbonization.— Referring to remarks on page 268 
relative to tlie taking of samples it must be not(?d tliat steel 
often has a decarbonized surface, that is from 10 per cent to 
almost any amount lower in carbon than the main body of the 
metal. This will often cause the chemist to report the rolled 
or hammered steel anywheix^ from 0.10 to 0.20 lower in carbon 
than the original ingot analysis, that is, suppose the ingot analysis 
was 1.20 per cent carbon, theii it not infrequently happens that 
the plate or bar may show but 1.10 per cent. 

Use of Sand in Boats.—The author no longer uses any sand 
in the combustion boat as the composit(! vitrihed clay boat is 
greatly superior and withstands a much higher heat than the 
original form of cj^ay boat. By avoiding extreme heats during 
the combustion, complete decarbonization can be effected without 
fusing the drillings to the boat, and the little pile of sintered oxide 
that remains after the burning can be scraped out with the tail 
of a small file. If the combustions are run at a high heat with 
the drillings in contact with a sand bottom there is danger of 
forming silicon carbide as has been pointed out by Mr. Geo. M. 
Berry. Crude Zr02 or chrome ore are good boat protectors. 

Oxygen Versus Air in Direct Combustion. —Since writing the 
first edition of this book the price of o.xygen has fallen to less 
than two cents per cubic foot, so that there is no longer any 
inducement to try direct combustions in air. In any case the 
high temperatures necessary make such combustions very un¬ 
pleasant and should be avoided. 

Two Parallel Furnaces. —Photo No. 18 shows the author’s 
arrangement for two combustion furnaces, side by side, when 
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quartz tubes afle used. Note the wet wrappings required when 
quartz is used. 

The Gas Combustion Furnace with Blast. —On page 284 the 
above direct combustion method is referred to. It constitutes a 
very cheap and effective w^y of making direct combustions. 
The principal objection to this method of heating is that the 
sharp, bare flame of the compressed air furnace striking the fused 
silica tube causes the latter to become devitrified and leak after 
some time. 

The Elimination of Rubber Stoppers from the Vitrified 

■ Clay Combustion Tube by Means of Tapered Clay 
, Inlet and Outlet * 

In June of 1913 the author published an account of a vitrified 
clay combustion tube with tapered outlet designed by him. 
These tubes are now widely used. 

The advantage of the tapered outlet very soon suggested the 
making of a tapered clay inlet which is shown at K in the illus¬ 
tration and also at L-M. (Fig. 19.) 

The clay part of the inlet is a duplicate of the outlet end. The 
tube is charged and discharged by removing L~M which is con¬ 
nected to the main part of the combustion tube by means of 
the rubber sleeve M. This connection is a piece of f inch bore, 
^ inch wall andc 2J inches long, pure rubber tubing. This 
sleeve is more easily handled than a rubber stopper. The oper¬ 
ator grasps L-M at the clay part L and slips it over the main 
part of the combustion tube and twists it firmly in place. The 
clay part L offers a substantial hold for one’s hand and is abso¬ 
lutely safe. A glass taper would be dangerous as it might be 
crushed when grasped, causing a wound. 

The slip-over connection is geometrically a tighter connection 
than a rubber stopper, for the reason that the latter affords an 
example of a conical surface pierced by the cylindrical surface 
of the combustion tube, which makes only a single circle of con¬ 
tact lietween the stopper and the tube. The slip-over gives a 
tangential contact which provides innumerable circles of contact. 

Further superiority of the tapered clay and rubber sleeve 
inlet is that, should the bore of' the combustion tube tend to 
Reprinted from Journal Ind. and Eng. Chem., V, 488. 
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be elliptical instead of a true circle, the elasticity of the rubber 
sleeve will still give a pressure tight connection on account of 
the large surface of contact. 

Again, many combtlstion tubes offered by dealers are rejected 
because of grooves in the interior walls, at the inlet or outlet 
ends, which make tight connections with rubber stoppers impos¬ 
sible. The tapered slip-over connection renders such tubes per¬ 
fectly satisfactory. 

The entire apparatus with the single exception of the little 
mercury valve tube attached to L~M is the author’s design and 
shows but one rubber stopper at an unimportant point in the 
little KOH drying tube at the extreme outlet end of the com¬ 
bustion train. This could also be eliminated by a small glass 
taper or clay taper. The wet wrapping can be omitted, entirely, 
when the clay tul)e is used, although shown in Fig. 11). 

It has been found in the author’s ex[x'riments that, for a given 
wiring, furnaces heat higher with clay tubes than when fused 
silica tubes are used as there is less leakage of heat yia the tube 
when the clay tube is in the furnace. 
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Part IV 

THE DETERMINATION OF CARBON IN PLAIN STEEL AND IN ALLOY 
STEELS, CONTAINING NOT OVER ONE OR TWO PER CENT 
OF ALLOYS, BY SOLUTION IN COPPER AND POTASSIUM 
CHLORIDE 

The limitations of this method cannot be absolutely fixed 
as the carbon can be accurately obtained on certain alloys that 
have a greater amount of th(^ non-ferrous metals than given in 
the above title; notably nickel steels can bo accurately deter¬ 
mined for caybon whore the nickel content is far in excess of 
2 per cent. The ifauk'r should refer in this connection to pages 
237 to 260. Occasionally the chemist receives thick chips that 
are impo.ssibk' by the method given on the pages just mentioned, 
and rather than wait for a more suitable sample or perhaps 
put a good customer to the inconvenience of getting drillings of 
the proper fineness, the analyst will resort to the double chloride 
method. The details are as follows: ^ 

The Dissolving Solution.—'Fhe acid solution given on page 258 
is used for this work. It is filtered on ignited asbestos. The latter 
is prepared by igniting the fine white fiber in a muffle furnace 
in a porcelain dish. The dish is filled heaping full and brought 
to a bright red; it is then removed from the furnace and allowed 
to cool below redness. The lump of partially ignited asbestos is 
turned over and the dish and its contents arc returned to the 
furnace; again brought to bright redness; and so on until the 
asbestos has been heated and cooled three times. While the 
asbestos is cooling it should lx; covered with a clean agate ware 
pan to prevent soot or carbonaceous dirt of any kind from falling 
on the asbestos. The ignited asbestos is cut into short wads; 
put into a glass stoppered, carefully cleaned quart bottle and 
enough distilled water mixed with it to make a rather thick 
pulp. 
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The pulp is poured on n perforated porcelain plate of at least 
2 inches diameter which is kept from slipping out of level by 
applying slight suction while the fdter is being prepared. The 
asbestos is distributed *over the plate in an even layer about 1 
inch thick and is put fii'mly to place by increasing the suction a 
little and pre.ssing it down wilh'a glass ro<l. (One end of the rod 
is flattened into a disk by softening it in (he llaTue of a Bunsen 
burner and quickly ])ressing it against a cold surface.) Repeat 
this operation, adding, in the same way, successive layers, taking 
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Fia. No. 20. 


care not to tamp the latter too much, as by so doing the filtration 
will be very slow and will rocpiin^ exce.ssive suction to get tin' 
solution through the filter at all. When the layers have attained 
a total thickness of about an inch and one-half the whole filter 
is saturated several times with 1 : 1 HCl to shrink it tighter; 
it is tamped some more, and then washed ten times with dis¬ 
tilled water. The glass filter ♦ tube in which the filter is made is 

♦The filter tube shown in Fig. No. 20 contains a rubber gasket and 
alundum thimble; these are removed and a perforated porcelain plate is 
substituted for the carbon filtration. 
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shown in hig. No. 20. Tlio filt('r hoiiig now roady is tnvn.s- 
fprrod, nil)l)f‘r stop|Kn- and all, (o (ho Loltli' in which the solution 
to Ix^ filtered is to he kept. ’I'lie photo shows a gla-ss fil(('r tulx', 
but usually a earbon lilh'r (nix' is too sin.all for liltering tlu' whole 
solution so that the filter layer is prepared on tlx' porcelain plate 
supixirted in a large' funnel th;it pie'rce's a ruhher stop|X'r that- will 
fit the neck hoth of the side tu'ck suction Mask shown and of 
the large glass stoppe'ri'd hottle in which the lilteri'd solution is 
to he preserved. The doiihle chloride is thi'ii tillered into the 
latter hottle with niode'rati' siwtion; kept stop|X'red; and, to 
prevent dust from settling around the stop|X‘r, a cap of stout 
paper is tied over the same. The lug. No. 

20 shows the brass water pump used which is 
extremely satisfactory and ine\|X'nsive. It 
discharges into a deep stone hox as shown, 
t'ut A illustrates the details of the brass pump. 

Solution of the Chips and Filtering Out 
of the Carbon. -Dissolve from 1 to .5 grams 
of the chips in (50 c.c. of the douhh' chloride 
per gram of sample in a beaker that hxs 
been cleaned from all lint or dust. The chips 
must he stirred at inti'rvals with a glass rod 
until there no longer remains on the bottom 
of the beaker any particles of copper-coated 
steel. The reactions (x'curring are given here-, 
with for the benefit of the student: In the fir.st 
plaee the iron is dissolved away from thi^ carbon 
by reaction (1), Fe-|-('u(’l 2 = h'e(’l 2 -|-('u: then a further portion of 
the copper chloride in the double chloride .solution causes the 
metallic copper formed to pa.ss into solution in tlx' manner shown 
in reaction (2), ('u(’l 2 +('u = 2('u('l. This cuprous chloride 
(CuCl) would form and separate out as a white precipitate were 
it not for the excess of acid pre.sent in the double chloride which 
excess of HCl dissolves the cuprous chloride; hence it is best to 
wash the carbon residue on the asbestos filter at first with some 
of the double chloride before washing it with water. 

The carbon is filtered on an asbestos filter supported on a 
perforated porcelain plate just large enough to fit in a glass carbon 
filter tube of 1^ inches diameter. This filter is prepared in 
exactly the same way as described for the larger filter used for 
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the double chloride. A row of four of these carbon filter tubes 
are shown in Fig. No. 20. The well-tainped and acid shrunken 
layer of asbestos need not be over j inch thick. The dissolved 
chips are poured through the asbestos filter and any black par¬ 
ticles of carbon adhering to the walls of the beaker are test 
discovered by holding the la'ttcr over a sheet of white paper. 
These particles are transferred to the filter by rubbing them 
loose with a rubber-capped glass rod, rinsing the beaker with a 
fine jet of water and also some of the double chloride. The 
carbon being now all on the asbestos it is washed five times with 
some of the double chloride, drawing off each washing with mild 
suction. The acid is then carefully removed by giving the filter 
thirty washings with distilled water, drawing off each one (uitirely 
before the next washing is applied. The carbon filter tube is then 
withdrawn from the rubber stopper. The porcelain plate with its 
adhering asbestos and carbon is carefully pushed out of the filter 
tube on to a clean watch glass, with the plate side down. Any car¬ 
bon sticking to the walls of the filter tube is completely removed 
by wiping them off with some of the asbestos. The top part of 
the asbestos filter is first stripped off and placed in the clay com¬ 
bustion boat. This leaves all of the rest of the filter to be used 
in cleaning out the filter tube. This portion of the filter is now 
moistened with water. A pair of steel forceps that arc not too 
stiff are used to hold the portions of the dampened filter that arc 
used for removing^carbon that sticks to the filter tube. Then, 
at the last, the points of the forceps should be wiped off with a 
little of the pulp as some of the carbon is likely to be on the 
forceps. The operator should wash his hands before beginning 
the transfer of the carbon filter and the cleanings to the clay 
boat. A piece of stout wire or a glass rod is used for pushing 
the plate and the adhering filter out of the filter tube. Dry the 
contents of the boat in a water or air oven for two or three hours. 
When dry, as shown by there being no noticeable condensation 
upon a cold watch glass placed over the boat immediately after 
the latter has been taken hot from the air bath, the contents of 
the boat are pressed firmly down into it and 4 grams of red 
lead are spread over the same. The boat is then placed in the 
electric furnace and the carbon is finished in the same manner 
as given for the direct combustion. The water should be 
dried out of the carbon residue in the boat at a temperature' 
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not exceeding 100° C. The blank is run by placing the 
same amount of the double chloride in a l)eaker; filtering it 
through a filter made as in an actual sample and putting this 
filter through all of the operations just (fescribed, including the 
red lead covering. 
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Part V 

QUALITATIVE TEST FOR GRAPHITIC CARBON IN STEEL AND IRON 

Polish the steel carefully free from all scale. Any finely 
divided scale left on the steel is liable to be mistaken for graphite 
in the qualitative test. 

Take cither millings or drillings from the polished sample, 
whichever are most convenient. Use the milling machine for thin 
sheets. Di.ssolve 100 mg. of the millings or drillings in 4 c.c. 
of 1.20 sp. gr. nitric acid. Heat in water bath for forty minutes 
in boiling water in a test tube 150 mm. longXlO mm. diameter, 
in the manner described for color carbon tests in steel. The 
boiling should be continued until all flakes of combined carbon 
are dissolved. 

Remove the tubes carefully from water bath, avoiding all 
shaking up of contents. Hold each test tube over a sheet of 
white paper. Look down through the mouth of the test tube. 
If there is the slightest black sediment in the bottom of the 
tube, this indicates at least a trace of graphite. If there is no 
sediment, the steel can be pronounced free of graphite. If there 
is a heavy deposit, the steel contains a high percentage of graphite. 
The samples showing a trace, or more, of graphite can be deter¬ 
mined quantitatively by the following quantitative methods. 

0.10 per cent graphite makes a large showing by the qual¬ 
itative test. 0.17 per cent or less can bo seen in the fracture 
by the dark appearance it gives to the grains of steel. 

In steels dissolve 3 or 4 grams of drillings in 60 c.c. of 1.20 
nitric acid, boil slowly, avoiding the concentration of the.nitric 
acid by adding a little water if necessary, until the flakes of 
combined carbon are dissolved. Perfectly annealed steel in 
which graphitic carbon is most frequently found, does not show 
this flake and the heating is continued until the main solution 
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no longer continues to grow any clearer. This requires about 
ten minutes’ boiling. 

In pig iron 1 gram is dissolved in 20 e.c. of the nlxive acid 
aiderl with 2 or 3 drops of III'’, l)oiling ten minutes. 'I'he insol¬ 
uble matter is filtered on tlie sany^' kind of an aslx'stos filter as 
is described for carbon in steel wliere the chips are dissolved in 
the double chloride of potassium and cop[x‘r. See page 207. 

The residue on the filter is wjished thirty or forty times with 
water to remove the iron; then with 1.1 six'cific gravity KOH 
solution which is made by dissolving 30 grams of KOI! in 2(X) c.c. 
of water. The washing with the KOH is continued until the 
washings are no longer colored brown. 'I’hen wash with water 
as many times as before; tlxai with 1 : 1 HCI to neutralize any 
remaining KOH; and finally again, thoroughly, with water. 
The graphitic residue is removed from the filter, dried, covered 
with red lead, ami finished as described in the direct method 
for carbon in steel, in the clcctri(t furnace. 

The filtrate from the carbon or graphite, in this methcxl, 
or in the double chloride method, should be poured through a 
filter paper and washed frei^ of color to note if any black stain 
remains on the filter; if there Ix' such a stain then some of the 
carbon or graphite, as the case may be, has run through and the 
result will be too low. 

Method for the Determ i noli on of (Irnphite in Steel Used by 
the Safety Razor rowpuaiy.—Dissolve 3 grants of the steel in a 
150 c.c. of dilute nitric acid. (3 parts of water to 1 part of con¬ 
centrated nitric acid.) 

After adding acid to the steel, boil until red fumes of nitrogen 
oxide are gone. Then add 15 c.c. to 35 e.v.., i.e., an excess of 
potassium permanganate (5 grams KMnO.( in a liter of water). 
Boil until KMn 04 is all decomposed, which .should show an 
excess of manganese oxide after boiling a f(!w minutes, otherwise 
some combined carbon will be counted as graphitic carbon. 
Cool, then dissolve the manganese dioxide, which may be pre¬ 
cipitated, with the smallest amount ix)ssible of SOs or FeS 04 ; 
filter out any black insoluble r(^siduc on an asbestos plug. Wash 
well with water, being very careful that none of the residue runs 
through. Wash with water until free of acid. Pour the filtrate 
and washings through a 9 cm. filter and wash the paper. Note 
if any black residue ran through. If it did, the result will be 
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too low, :ui(l !i HOW’ portion must ho stiirtoil ami a tifjhtor plug 
usod. 

Honiovo this ashoslos from fho filter luho. Oi’y it at not ovor 
KKL ('. until free from moisluro. Burn rosiiluo m Iho clav boat 
in tho carbon oomhuslion furnaoo for thirty or forty minutos. 
Uoigh ('()■.> formod. Run blanks all thi' way Ihi'ough, using all 
of tho roagonts, filter on asbestos plug, wash Ih ' same as Iho 
tost.. Dry this plug; hum it off m a carbon oomhuslion furnaio, 
and any carbon dioxido found is dodiiclod from tho carbon ihoxido 
found 111 fho sample by tlio same mothod. Any carbon dioxido 
romaining is calciilatod to carbon. 'I’liis carbon is called graphib' 
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Pahi' I 

CARBON BY COLOR 

I HK (Iclf'i’nunatH)ti (»l cMrlMin hv coNir inrUiods nlumld lu' 
iii(lul};c‘(l ii] as litllc as possible. Xurncidiis iiilciI'ricnccs 
analysis, unless cailieil mil nmli r Ihe fiiudaiii'e uf peisiins of 
l()n;f ('xperimiee, highly inaci'uiale Thi' iieal IrealiMeiil, i.e , 
the ni'eater on less aimmid of iiiciitciitnl annealinn that a sample 
may havi‘ had. will eaiise the eolor to varv, yielilmt!; I'esiills from 
10 per cent to 20 per cent away Irom liii' actual carhon. The 
pm'lectly aimealc'd steel, i.e , where the carhoii has all hi'en 
(amverted into the ahsohitely annealed condition, yields the 
greatest ilepth of color for a gi\'en percentage. few tenths of 
a per cent of highly coloring elements like chrominm gi\e low 
results compared with a standard steel not containing the alloy. 
.Also the pre.sence of considerahle immgane.sc tends to lighten 
the color in nnannealed steel 'I'he same is true of nickel. 

If a sample consisting of large, hnikv, thick drillings he com¬ 
pared with a .standanl of small, nniform size, thin drillings, (he 
bulky' .sam|)le will yield results often It) jicr cent too low. The 
presence of graphitic carhon will cansi' results to he anywhere 
from 5 per cent to I’.O per cent too low. Of course, much gra|)hitic 
carhon is easily detect(‘d hy tin' msoinhie black residue that 
remains in the solution so that only 5 per cent too low is likely 
to he inmoticed. A practiced eye will detect the slightest trace 
of it. If the operator can drill his own samples and always 
get them with the same heat treatment, and have a standard 
that has undergone the same treatment, and has been drilled 
with the .same depth of cut, Ins results will he fairly accurate. 

There are two means hy which one may a|)proach the ideal: 

Firat. When the drillings to he tested and the standard drill¬ 
ings have been taken from the raw cast steel that has never 
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been reheated and is always allowed to cool slowly from the 
molten state, i. e., without any quenching. 

Second. Where ^,hc operator is furnished the steel and can 
anneal it to the last degree of softness, avoiding the temperature 
range most favorable to t'uj formation of graphitii; carbon (see 
Annealing of Steel). Then drill such samples to uniform thick¬ 
ness and compare thciti with a standard prepared in exactly the 
same manner. This second scheme is the most accurate of all 
color methods. For the identification of the perfectly annealed 
condition, see Annealing. 

Further, it is essential in color work that the standard shall 
be within 10 per cent of the (carbon content of the sample to be 
tested. The nearer the carbon of the standard is to that of the 
test, the better; especially is this true of unannealed steel. 

Method .—Dissolve 100 mgs. of sample in 4 c.c. of 1.20 nitric 
acid. Use a test tube 152 mm. by 15 to 16 mm. diameter. Insist 
that the deaU'r supply test tubes that keep within the same 
diameter. If one test tube is wide and its mate narrow, the 
wide one will permit more of the free acid to escape than the 
narrow one, cattsing variation in the color. Do not set the 
tubes deep in the boiling water, as it will cause iron to dry on 
the sides, and, when this is redissolved by shaking the hot acid 
solution the brown basic nitrate of iron will' go into solution, 
causing another variation of color, f The fewer tests dissolved 
at one time the better, as some parts of the bath will be hotter 
than others, causing more loss of acid from the tubes in the 
hotter location. In forty minutes all of the flakes of carbon 
are asually dissolved on a water bath. These baths are designed 
especially for this work, and contain racks to hold thirty-six 
tubes. These racks have false bottoms perforated with many 
small holes. This arrangement permits the tubes to be immersed 
to the depth of 28 mm., which is about the level of the nitric 
acid. 

For more rapid solution of the carbon, requiring from four to 
seven minutes, use a sand or graphite bath heated to about 190° 
C. Plunge the tubes into the bath just to the top level of the 

* Quenching can be safely done provided the teat piece is first cooled to a 
black heat in an entirely dark closet. 

t Some laboratories use glass marbles that rest on the top of the test 
tubes during the boiling to reduce the evaporation of the acid. 
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acid in them. Keep tiie tubes close togetlier and do not run more 
than six tubes at a time, as such a bath is liable to great varia¬ 
tion in temperature. The writer collects a set of six tubes in a 
compact cluster and covers all with a .'i-^u'i-c' beaker. This 
prevents too rapid lo.ss of acid. Hcniove th(‘ tests the .second 
that the brown flakes ar(‘ in solutiftn. Use standards within 5 
“points” (0.05 per cent carbon) of the tests so that tests and 
standards will go into solution at about the same moment. 

The tests are (phckly cooled in running water and compared 
in the bent-t*nd comparison tubes, which jM'rmit the contents 
pf the tubes to be mixed by a rocking motion. The <‘omparison 
tubes are of 14 c.c. capacity, and graduated to t('nths of a c.c. 
The length of the graduated portion is 181 mm. Then follows 
45 mm. of ungraduated tube; then the part bent at an obtuse 
angle. The bent limb is about .50 mm. long. The outside 
diameter of the tube is 12 mm. A set of three of these tulx's is 
iised. The sjxjcitications for the.se tubes should ixapiire that all 
thi’ee tubes be the same inside and oulsitle diameter throughout 
their gradiiabsl portion. The figuix's and graduation lines 
should be siTiall, the figures not over 2 mm. long and the lines 
not over 4 mm. long for c.c., and not over 1.1 mm. long for tenths 
of a cubic centimeter. 

The graduations of all three tubes should coincide with each 
other. For example, the 14 c.c. mark should be exactly the 
same distance from the bottom of the comparison tube in each 
tube of a set, thus proving that the inside ilia’meter is uniform 
throughout the set. 

The tubes should Ixi fnx' of fine black lines due to bubbles in 
the glass when it was drawn info tubing. 

The tubes should be made of selected tubing free of scratches. 
The graduations shoukl be as exact as those of a burette. 

All color carbons should be made in duplicate and results 
averaged. Nothing is gained by operating on a greater amount 
than 0.100 gram. The author, in his practice, ran a great many 
color tests, using 0.500 gram, and found the same lack of agree¬ 
ment, and much more acid needed. 

The Comparison. —If, for example, a 0.60 carbon standard is 
in use pour it into the comparison tube, using as little rinse water 
as possible, so that the volume of the fluid in the tube is just 
6 C.C.; mix thoroughly. 
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The test is then put in another tube, and water is added to 
it until its color is the same shade as that of the standard, mixing 
carefully with each addition of water. This matching should be 
conducted slowly v^hen the test is still but slightly darker than 
the standard. But 0.2 cubic centimeter should be added at a 
time when the test is only slightly darker than the standard, 
so that when the former is finally very slightly lighter than the 
standard, the operator knows he has overstepped the end-point 
0.01 per cent, which he deducts from the reading. If the test, 
for example, is just turned lighter at 6.5 c.c., then the per cent 
carbon will be 0.65 less 0.01 or 0.64 per cent carbon. If a 
standard of 0.30 carbon is in use, it is diluted to 9.0 c.c. Should 
the test match it at 6.0 c.c., then the carbon percentage will be 
0.603, or 0.20 per cent carbon. If a standard of 0.40 carbon 
is used, it is diluted to 8.0 c.c. If the test matches it at 7.0 c.c., 
for example, then the per cent carbon will be 0.70-7-2, or 0.35 
per cent carbon. If a standard of 0.08 per cent carbon is in use, 
it is diluted to 5.6 c.c. Should the test match it at 6.0 c.c., for 
example, the per cent carbon would be 0.60-5-7, or 0.085 = 
per cent carbon. When a large number of color tests must be 
made, they should be checked at frequent intervals by com¬ 
bustion; for instance, if a lot of thirty color tests are made, 
and every fifth one is checked by combustion and checks within 
0.01 to 0.03 per cent in a range from 0.50 per cent and over, it is 
pretty safe to agsurae that that particular lot of color tests was 
done under favorable conditions. 

The author does not use a comparison camera, but decidedly 
prefers to hold the tubes on a sheet of white paper, in diffused 
sunlight. The direct glare of the sun is, of course, undesirable. 

At night a 50-candle power frosted electric lamp of filament 
type resting on a sheet of white paper from a flexible arm is 
the best source of light. The comparison tubes should be held * 
with the graduations touching each other, thus giving a clear 
field of color. Their relative right and left positions should 
be changed at intervals of a few seconds to assist the operator 
in judging respective depths of color. He should endeavor to 
lose track of which is test and which is standard, and if, under 
such conditions, he finds he can come to the same conclusion 

* The comparison tubes should be held at an angle of about 46° to the 
paper with their ends touching it. 
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three times in succession, then lie is as certain as possible of his 
choice of the light one and the dark one. In the author’s opinion 
the least source of error in carbon color work is the operator’s 
eye. A man with a good eye for color and plenty of practice 
can be counted on not to introduce an error due to the eye of 
over 0.02 per cent in higher carbons and not over 0.010 per cent 
in lower carbons, around 0.08 and perhaps not over 0.005 per 
cent in the latter range. 

Reject all drillings that are blued, or rusty. 
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Part II 

PHOSPHORUS IN PIG IRON, STEEL, WASHED METAL AND 
MUCK BAR • 

Dissolve 1.63 grams of sample in 45 c.c. 1.13 nitric acid, 
using a 5-ounce beaker. Heat gently on hot plate or bath 
of some description. The author uses a twelve-hole affair as 
shown m Fig. 21. Highly silicious pig iron dissolves slowly 



and it is best to maintain all pig iron samples at digesting heat 
(barely boiling) for at least twenty minutes. To assist in dis¬ 
solving pig iron add four drops of hydrofluoric acid to the solution 
after it has been digested ten minutes with the nitric acid, if 
high silicon is suspected. 

For pig iron and some chrome steels the next step is to filter 
out the insoluble graphite, etc. Wash the residue on the filter 
fifteen times with the dilute nitric acid wash. All phosphorus 

* Hundeshagen (modified by J. 0. Handy) first recommended the titration 
of the yellow precipitate by standard alkali. 
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filtrations in this laboratory are made on a revolving filter stand. 
(See Fig. 22.) 

It is not nGces.sary to filter .solutions ii^ plain earbon steels. 
Filter the muek bar solutions if they contain much insoluble 
residue. , 

Add to the filtered .solutions of pig iron, chrome steel and 
muck iron and to the unfiltered solutions of plain steel and 



Fig. 22. 


Fig. 23. 


washed metal, from a convenient drop bottle, the potassium 
permanganate solution. Continue the addition of perman¬ 
ganate until the excess of mangane.se separates as a brown pre¬ 
cipitate that does not disappear noticeably after ten minutes’ 
boiling. As washed metal usually contains about 3.00 per cent 
of carbon it will consume considerably more of the perman- 
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ganate solution before the carbon is destroyed than ordinary 
steel. The excess of manganese precipitate is removed by 
adding ferrous sulphate solution, free of phosphorus, from a 
dropper until the solution is again clear. After five minutes 
more boiling the beakers ara removed from the fire, the covers 
are rinsed off and the inside walls of the beakers are washed 
(to prevent the phospho-molybdate sticking to the walls) down, 
and 50 c.c. of the ammonium-molybdate * are run into each test 
from a measuring siphon. (See Fig. 23.) A batch of twelve tests 
are stirred at a time, using glass rods. A single test is stirred 
around twice, then the next one, and so on until each test in 
the lot has been stirred ten times. This means that each solu¬ 
tion has been stirred at intervals during a period of ten minutes. 
The twelve samples are put on the revolving stand and twelve 
7 cm. filters are marked with a lead pencil to correspond to the 
respective tests. The only interval in plain CJarbon Steel between 
the completion of the stirring and coinmeneement of the filtration 
is the time required to fit the filter papers to the funnels. 

The liquid is decanted through its proper filter and the bulk 
of the precipitate is allowed to remain in the beaker until the 
filter papers are washed ten times, giving each paper a washing, 
then the next one and so on until No. 1 is reached again. By 
the time No. 1 is ready for its second washing, the first washing 
will be well drained off. Each funnel stem is given a turn with 
the thumb and fdrefinger in such a manner that the double fold 
of the paper is washed twice and the single fold once during each 
washing. Use the dilute nitric acid wash. 

Ten washings having been accomplished, the main body 
of the yellow precipitate is washed on to its respective filter 
with a fine jet of the acid wash, and receives a further ten wash¬ 
ings to remove iron. 

To remove free acid the precipitates are next washed thirty 
times with the potassium nitrate water. The filters are now 
removed to a large watch glass. A ruled slip is dated and headed 
and the various tests are entered thereon. On the right-hand 
side is kept a record of the alkali used, and on the left, the acid 
standard used in the subsequent titration of the yellow pre¬ 
cipitate. 

•H,PO,-|-12(NH.),MoO,-|-21HNO,-(NH4),PO,12MoOi-|-21NH.NO,-I 

12H,0. 
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The titration is aecomplisited by placiiiR filter and precipitate 
in a 100 c.c. Ix^aker. The standard sodium hydroxide solution, 
1 c.c. of which equals 0.01 per cent phosphorus when 1.63 grams 
are taken, is dropped on the filter unlil th(< yellow precipitate 
has dissolved.* Then add .W c.c. distilled water. Two drops 
of phenolphthalein arc introdue(>d, and from a second 50 c.c. 
burette standard nitric acad is run into the rose-colored solution 
until one drop of acid discharges this color. The total numter 
of c.c. of alkali added, less the number of c.c. of acid required to 
discharge the rose color, multiplied by 0.01, gives the percentage 
of phosphorus in the sample, f 

The following equation shows how the reaction proceeds: 

2 [(NH 4 ) 3 P 04 ■ 12 Mo 03 l-|- 4 f)Na()II 

-2(NH4)2HP04-f-(NH4)2Mo04+2.3Na2Mo04+22H20. 

According to the equation 1 c.c. of normal NaOll .solution should 
equal 1.3494 mgs. of phosphorus (i.e., 40.008 grams NaOFI dissolved 
in water and diluted to 1 liter = normal NaOH). 4f)NaOH=2P 
= 62.08 grams, or 46X40.008 grains NaOII =62.08 grains of P, 
or 40.008 grams NaOH = 1.3494 grams P. 

Gravimetric Phosphohu.s 

If it is desired to check the volumetric method by weighing 
the yellow precipitate, proceed exactly as given under the latter 
process, with the following exceptions: 

First. Filter all solutions as in pig iron. 

Second. Omit the washing with pota.ssium nitrate and use 
only the dilute nitric wash to remove iron, leaving the acid in 
the filter paper. 

Third. P'ilter the yellow precipitate on 7 cm. ashless filters 
that have been previously weighed hot between watch glasses 
with edges ground to fit water-tight when held firmly together, 
nearly full of water, in a vertical position. 

These filters are weighed hot and as rapidly as possible after 
having been dried at the temperature of boiling water. The 

* It is safer to add, at least, 1 or 2 c.c. excess of the alkali standard. 

t Figs. 21, 22 and 23 were designed some years ago by Dr. Edward S. 
Johnson. 
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phospho-molybdate is collected on the weighed filters and washed 
free from iron with the dilute nitric acid. The filters are again dried 
as before, for one hour, and weighed. The weight of the filter 
paper plus the drieS precipitate, less the weight of the paper, 
less the blank (obtained by^ filtering a clear filtrate from some 
previous phosphorus determination through a weighed paper, 
washing it, drying it and reweighing it as in an actual analysis) 
equals the percentage in the sample when 1.G3 grams are used 
for analysis. This method is valuable only as a check, as too 
much time is consumed. 

In both methods the filtrates and washings are placed on a 
shelf for one hour. If a cloudy ring forms at the junction of the 
washings and the main body of the filtrate, results will be too 
low. If the cloud gradually spreads, the results may be as much 
too low as 0.01 per cent in a possible 0.100 per cent. 

After considerable practice one ran estimate with sufficient 
accuracy for most mill control all phosphorus 0.02 per cent and 
under by simply examining the yellow precipitate after it has 
had an opportunity to settle for about twenty minutes in the 
5-ounce beaker. The prevention of cloudy filtrates will be 
discussed under the heading “Molybdate Solution.” 

Standard Sodium Hydroxide Solution.—One hundred and 
fifty grams of sodium hydroxide and 1 gram of barium hydroxide 
are dissolved in 1000 c.c. of water. Let the solution stand for 
two days. Sipl^n off the fluid and dilute it to 2 liters. 
Clilute 275 c.c. of this stock solution to .3500 c.c. Measure out 
exactly 100 c.c. for standardization, leaving .34(KI c.c. On testing, 
suppose it is found that 20 c.c. of the alkali standard equal 20.75 
c.c. of the acid standard. This gives the proportion 20 : 20.75 
3400 : A’( = 3527). Therefore dilute the remaining 3400 c.c. to 
3527 c.c. when 20 c.c. of the NaOH standard will equal 20 c.c. 
of the standard acid or 1 c.c. NaOH =0.010 per cent phosphorus 
when 1.63 grams of sample are used for analysis. It is always 
best to confirm this value by running several steels whose phos¬ 
phorus content is accurately known. 

Standard Nitric Acid.—Dilute 74 c.c. 1.20 nitric acid to 
3500 c.c. Draw off exactly 100 c.c. for testing. On titrating 
with standard NaOH, suppose it is found that 19.2 c.c. of the 
acid equal 20 c.c. of the alkali: 19.2 c.c. : 20 c.c. :: 3400: X 
(=3541). 
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Therefore the roniaininR 3400 c.c. are diluted to 3541 c.c. when 
20 c.c. of staiulard acid should equal 20 c.c. of standard alkali. 

For preparation of 1.20 siieeilic gravity nitrie acid from con¬ 
centrated acid, see tdiapter X.\. ’ 

Acid Molybdate Solution.—Di.ssolve 183 prams of unipnited 
molybdic acid plus 2 prams of ipnited (melted) molylKlic acid in 
900 c.c. of 11.50 per cent ammonia water plus 2.50 c.c. of distilled 
water. Cool this solution and add it a little at a time to 2700 c.c. 
1.20 nitric acid. Cool the nitric acid after each addition of the 
molybdate. If the nitric acid is allowed to pet too pnaitly heated 
the molybdic .salt will precipitate in large quantity. Filter 
through a pulp filter (using suction) after twelve hours’ standing. 

Some years ago the author observed that a solution of ammo¬ 
nium molybdate in nitric acid, made as here given, will produce 
different varieties of the yellow precipitate. Other conditions 
being unchanged, an ammonia solution of molybdic acid pre¬ 
pared from ignited, i. c., crystalline anhydrous molybdic acid, 
causes theryellow precipitab! to separate from the nitric acid 
solution of the steel in an extremely fine state of division. Such 
a precipitate will remain suspended in the solution for hours 
without subsiding and will run through a filter paper almost 
as though it were a solution instead of a precipitate. This 
precipitate has only one redeeming feature: It is the least soluble 
in the dilute nitric wash of any of the varieties of ammonium 
phospho-molybdate that are encountered qnder the conditions 
that arc cited here. Now if no ignited molybdic acid is used 
in the preparation of the molylxlate solution, the phospho- 
molybdate settles rapidly and docs not run through a filter. 
But this variety has the objection that it is the most soluble 
form of phospho-molybdate, in nitric acid. This variety of 
precipitate will leave the filtrate perfectly clear, but after the 
latter has stood for an hour (if much precipitate has dissolved 
in the wash water) or perhaps not until the next day (if little of 
the yellow precipitate has dissolved in the dilute nitric wash) a 
milky ring of phospho-molybdate will appear at about the point 
where the washings lie on top of the main body of the filtrate. 
If much of the yellow precipitate has been dissolved, say about 
iV or of its weight, this cloud will spread through the entire 
filtrate. 

The 'deal yellow precipitate is that one whose physical con- 
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dition is such that it will give a clear filtrate and be practically 
insoluble in the wash. The author has had brands of molybdic 
acid that require equal W'eights of the crystalline molybdic acid 
and of the unignited vafiety to produce the desired results. At 
present but 2 grams of the crystalline material are needed for 
the particular brand of molybdic acid now in use. 

To prepare crystalline molybdic acid the author melts in a 
porcelain dish the ammonia-free, so-called c.p., molybdic acid 
which melts rapidly at a bright red heat to a clear fluid, and, 
on cooling, forms handsome crystals that can be readily reduced 
to a powder in a porcelain mortar. 

Potassium Permanganate Solution for Oxidation of the 
Carbon.—Fifty grams of the salt dissolved in 1 liter of water. 

Ferrous Sulphate Solution.—Two hundred and fifty grams of 
the phosphorus-free salt dissolved in 1000 c.c. of water acidulated 
with 20 c.c. 1 : 3 sulphuric acid. 

The Preparation of Ferrous Sulphate from Steel Drillings.— 
A very effective ferrous sulphate solution can be prepared as 
follows: Dissolve 55 grams of low phosphorus steel drillings 
in a mixture of .55 c.c. of cone. H 2 SO 4 and 200 c.c. of water; 
add more water at intervals, heating gently. Do not boil. 
When all action is over dilute to 500 c.c.; Alter through a large 
folded filter or on a plug of washed filter paper pulp; cool and 
dilute to 1000 c.c. with water. 

Dilute Nitric Ac^d Wash.—Two hundred .and thirty c.c. 
1.20 nitric acid diluted with 8100 c.c. of water. 

Potassium Nitrate Wash.—Dissolve 50 grams of potassium 
nitrate in 2500 c.c. of water for a stock solution. 

Dilute 700 c.c. of the latter with 7000 c.c. of water to con¬ 
stitute the wash. 

Phenolphthalein Indicator.—One gram of this substance is 
dissolved in 100 c.c. of absolute alcohol, 

Phosphorus in Vanadium Steel 

E. W. Hagmaier, in Met. Chem. Eng., Vol. XI, No. 1, sepa¬ 
rates the phosphorus by cerium chloride. In the case of a 

* See remarks at the close of Chapter XI, page 269, on the proper way to 
drill a steel sample in order to obtain borings that represent the average of 
the piece in phosphorus, sulphur, silicon and carbon. 
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tungsten steel, dissolve the steel as for tungsten as given on pages 
114 to 116. Instead of adding the molybdate solution as directed 
on page 116, this chloride solution should 1^ entirely reduced with 
SO 2 ; then add 5 c.c. of 90 per cent acetic acid and 10 c.c. of a 
saturated solution of cerium chlofide. Next add 1 : 3 ammonia 
slowly until a permanent turbidity is obtained. Boil; let settle; 
filter; wash a few times with hot water; diasolve in 1 : 1 hot 
nitric acid and precipitate the phosphorus with molybdate solu¬ 
tion. If the vanadium is in excess of 1 per cent, the cerium 
phosphate must be re<lis.solved, and reprecipitated to remove all 
of the vanadium. The C(>iium phosphali! is then dissolved off 
the filter with the nitric acid aiul finished as above. See pages 
318 to 323 for the author’s method for phosphorus in the 
presence of vanadiam. 

Acid Molybdate Solution No Longer Used 

The authpr abandoned the use of the acid molybdate several 
years ago and uses the slightly ammoniacal water solution of 
ammonium molybdate instead. See page 323. 
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Part IIL 

THE DETERMINATION OF PHOSPHORUS IN VANADIUM STEELS, 
FERRO-VANADIUM, NON-VANADIUM STEELS, AND PIG IRON, 
USING A FAINTLY AMMONIACAL WATER SOLUTION OF 
AMMONIUM MOLYBDATE. 

1.—Method for Steel Co.vtainino VAiVAbiUM Up to 2.6 
Per Cent 

Ibbotson and Brcarley, in 1902, t recommended that phos¬ 
phorus be precipitated from the reduced solution of vanadium, 
using ferrous sulphate as a reducing agent, claiming thereby 
to aid in the precipitation of phosphorus when vanadium i.- 
present. 

Cain and Tucker, in 1913, J recommended that the vanadium 
present bn reduced with ferrous sulphate and sulphurous acid for 
the same purpose. 

The method here^ desci'ibed gives a successful and convenient 
method for complete pn^cipitation of phosphorus in the presence 
of highly oxidized vanadium: 

Place 1.63 grama sample in 150 c.c. beakei'. Dissolve in 45 c.c. 
HNOs (1.13 sp. gr.) over a low flame. When solution is clear 
and brown fumes have been <lriven off, add 3 c.c. KMn 04 solu¬ 
tion; boil three minutes; then add 3 c.c. EeS 04 solution to 
dissolve precipitate due to the excess permanganate; boil until 
brown fumes are gone. Avoid large excess of ferrous sulphate. 

Add 40 to 50 c.c. cone. HNOs (1.42 sp. gr.); bring to a boil; 
rinse cover and sides of beaker with least amount of distilled 
water; then add 50 c.c. of the water solution of ammonium 

* Reprinted from the Journal of Industrial and Engineering Chemistry, 
Vol. XI, No. 2, page 133. February, 1919. 

t “Analysis of Steel Works Materials.” 

t Jour. Ind. and Eng. Chem., V (1913), 647. 
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molybdate. Stir vigorously for a minute o: two and let stand 
overnight. 

Decant through a 7 cm. paper, placing a little paper pulp in 
apex of filter, keeping the main precipitate in the beaker. Wash 
iron out of filter by wa.shing fifteen times with the nitric wash, 
then proceed to pour the main pd!cipitate on the filter. 

Transfer all of precipitate as far as possible, with the aid 
of the nitric wash. Add about 2 e.c. of wfsh to the beaker and 
remove adhering particles with a rubber-tipped glass rod. Use a 
separate beaker for catching t he washings. Wa.sh fifteen times with 
the dilute nitric wash; then twcTity-five times with KNO.t wash, 
or until the outsid(' of the filter has no sour taste, especially 
along the double thickness. 

Place the filter containing the washed precipitate in a 150 e.c. 
beaker; add enough standard NaOH solution to cause the yellow 
color of the prccipitat<! to disapix-ar on macerating the paper to 
a pulp with a rubber-tip|)e(l stirring rod. Dilute to about 30 c.c. 
with distillgd water; add a drop of phenolphthalein solution, 
which should cause a deep red coloration, otherwisr^ more standard 
NaOH solution is needed; then titrate back carefully with 
standard HNOs solution until the pink just disappears. Sub¬ 
tract total c.c. of acid used from total c.c. of alkali used. The 
difference in c.c. XO.Ol percentage P. 


TABLE I-HHOWINC EFFECT OF IN(3iEA.SIN(i AMOUNTS OF 
NITRIC ACID (1.-12 Sr. (in.) ON PHO.SBHO’itU.S RECOVERY ‘ 


Vanadium 

Added 

Per Cent 

l.ier UNOi 
Added 

P Found 1 

.}<)(•<• MNOi 1 
Added 1 

1' Found 1 

40 cc IIN<>3 
Added 

P Found 

AO re HNOi 
Added 

P Found. 

None 

0 121 

(0 121 
to. 122 

JO 121 
(0 120 

0 121 

0.20 

0.119 

0 121 

0 I2I 


0.40 

0 114 

0 118 

0.121 


0.60 

0 111 

0 117 

0 120 


0.80 

0.110 

0 118 

0 121 


1.00 

0.110 

0 115 

0 120 

0.119 

1.40 

0.110 

0 112 

0 121 

0.122 

1.80 

0.105 

0 112 

0 119 

0.121 

2.20 

0 099 

0 111 

0.119 

0 120 

2.60 

0.093 

0 108 

0.117 

0.117 


‘This work was done with 1.03 grams samples of U 3.Bureau of Btandarda.0.120 P 
standard, lOl?. 
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Remarks .—The tests with the higher vanadium content were 
more tardy in precipitating than the lower ones, though all 
settled well after forty minutes’ standing. Those to which 
15 c.c. cone. HNO 3 \»ere added gave deep orange precipitates, 
darkening in color about in proportion to the vanadium content, 
clinging tightly to the stirrirtg rods and beakers. The three 
highest vanadiums are lower in yield of phosphorus than the 
preceding ones because of the impossibility of detaching the 
adhering precipitate from the stirring rods. 

Those with 30 c.c. cone. HNO 3 were an improvement in 
speed of precipitation, color of precipitate, and cleaning from 
beakers and rods. Those with 40 c.c. and 50 c.c. showed the 
best colored precipitates, i.e., nearest the normal yellow phospho- 
molybdate color and gave water-white washings, from which no 
recoveries of phosphorus were made. The 50 c.c. ones were a 
little prompter than the 40 c.c., though both sets were a 
vast improvement over the 15 c.c. and 30 c.c., and both 
cleaned very easily from beakers and rods and gave good 
results. 

The precipitate from the 15 c.c. cone. HNO 3 in particular 
seemed to be too finely divided and passed through the pores 
of the filter, necessitating reprecipitation of the washings in all 
those of higher vanadium content. 

The vanadium was added as nitrate from an acid solution 
made as follows; Fuse 4.5 grams V 2 O 5 (56.14 per cent V) with 
10 grams Na 2 C 03 in a platinum crucible for ten to fifteen minutes. 
Let cool; place in a 400 c.c. beaker; add 10 c.c. water; thenHNOs 
(1.20 sp. gr.) until effervescence ceases and 25 c.c. in excess. 
Rinse off crucible thoroughly with distilled water; cool solution 
to room temperature; transfer to 500 c.c. flask; dilute to 
the mark with water; stopper, and shake to mix thoroughly. 
1 c.c. =0.00505 gram. V. 1 per cent V in 1.63 grams sample = 
3.25 c.c. solution. . 

The vanadium was added after the tests were weighed and 
before the 45 c.c. HNO 3 (1.13 sp. gr.) were added. The vana¬ 
dium was, in each instance, reduced from yellow to green, due 
to the action of the reducing gases liberated by the reaction 
between the acid and the steel. The 40 to 50 c.c. cone, nitric 
added just before removing from the fire caused the yellow 
vanadic color to return. 
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Solutions Required.—/Vilric Acid far Titrating.—Dilute 35.4 
c.c. HNO 3 (1.42 sp. gr.) to 4000 c.c. with distilled water. 

Slock Solution of Sodium Hydroxide. —Dissolve 150 grains 
NaOH (c.p. sticks) and 1 gram Ba(OH )2 in 1000 c.c. water. 
Stir well and allow to stand twenty-four hours. Filter off the 
clear solution (or decant if preferable) and dilute with an equal 
volume of distilled water. Put into a 2-liter bottle and close 
with a rubber stopper. 

Sodium Hydroxide Solution for ritrnling.—Dilute 566 c.c. 
stock s )lution to 8000 c.c. with distilled water. 

Ferrous Sulphate Solution. —Dissolve .IS grams steel (low in 
phosphorus and sulphur) in 1000 c.c. l)eaker in 720 c.c. HzSOi 
(1 . 3). Add a little water o('casi<)nally to prevent salting out, 
and heat gently, but do not boil. Filter, cool, and dilute to 1000 
c.c. 

Potassium Permanganate Sohdion.—Dtitmlve .50 grams KMn 04 
in 1000 c.c. water. 

FasA.—Di.ssolve 8 gram ■. K'NO;, in 8000 e.c. water. 
Acid Wash. Dilute 102.4 c.c. IINO 3 (1.42 sp. gr.) to 8000 c.c. 
with water. 

Faintly Ammomacal Water Solution of Ammonium Molybdate. 

Into each of four 800 c.c. casseroles weigh .55 grams ammo¬ 
nium molybdate and 50 grams ammonium nitrate, and add 
40 c.c. ammonium hydroxide (0.95 sp. gr.). Dilute each to 700 
c.c. with water. Heat for about thirty minutes, stirring once 
in a while until all salts are in solution, (’ombine contents of 
the four beakers by pouring into a large bottle; then dilute to 
4000 c.c. with water. IxU stand overnight. Filter the insoluble 
material through double 15 cm. pajx-rs. Do not wash. The 
clear solution thus obtained should remain clear indefinitely. 
Do not filter out the insoluble material until the total mixture 
from the four beakers has stood overnight. The insoluble should 
not weigh over 1 or 2 grams. 

II.— Method for Phosphorus in U. S. Standard Steels and 
Pig Irons to which have been Added 28 Per Cent 
Vanadium and in Ferro-Vanadium Containing 56.7 
Per Cent Vanadium 

Procedure.—Weigh out 0.5 gram steel and 0.5 gram VaOs 
(56.14 per cent V). Transfer to 250 c.c. porcelain dish. Digest 
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with a mixture of 30 c.c. HCl (1.20 sp. gr.) and 30 c.c. HNOs 
(1.42 sp. gr.) for about one hour; then rinse off cover, add 100 c.c. 
HNOs (1.42 sp. gr.), and take to dryness. Bake five minutes at 
750° C. in an electric muffle furnace. 

Dissolve the oxidc.s in 35 c.c. cone. HCl, evaporate to 10 c.c.; 
add 50 c.c. HNOs (1-42 sp. gr.), take to 10 c.c. volume, then 
add 10 c.c. more strong nitric and heat awhile with cover glass 
on. Filter through a platinum Gooch crucible with a thin pad 
of acid-washed asbe.stos, using suction. Wash fifteen times, 
using the following wash: 200 c.c. HNOs (1-42 sp. gr.), 100 c.c. 
water, and 20 grams Fe(N 03 ) 3 . (Ferric nitrate made by dis¬ 
solving 5 grams low phosphorus, melting bar steel in 50 c.c. HCl 
(1 : 1) and taking to .syrupiness twice with 50 c.c. HNOs (1.42 
sp. gr.) each time.) 

Concentrate the filtrate from the separated V 2 O 5 to 10 c.c. 
in 150 c.c. beaker and filter out the second crop of vanadium 
“rust” as before. A third concentration to 10 c.c. should show 
no “rust” (VsOs). 

To the third concentration add 40 c.c. HNOs (1.42 .sp. gr.), 
and bring to a boil; ibise cover and sides with water and pre¬ 
cipitate with 50 c.c. of the faintly ammoniacal ammonium molyb¬ 
date solution. Stir vigorously for about two minutes. Let stand 
one hour; filter and wash as described for steels containing up 
to 2.6 per cent V. Titrate with alkali and acid in the usual 
manner. 

TABLE II—RESULTS OBTAINED USING THIS METHOD ON 
U. S. STANDARDS 


No. 

Standard. 

V-Os 

Added 

Mg 

P Found 

Per Cent 

Per Cent P 
Given by 

U S Uovt. 

1 

Iron D, 60 V 2 O 1 . 

500 

0 522 

0 526 

2 

Iron D, 66 VaOt . 

500 

0 531 

0 581 

3 

lOtVjOs . 

500 

0.124 

0.120 

4 

106 VjOl. 

600 

0 115 

0 120 

6 ■ 

No. 20 Standard VjOs. 

500 

0.033 

0.031 

6 

No. 20 Standard VjOi.. 

600 

0 033 

0 031 


In the above procedure an average of 0.007 per cent P was 
found in the V 2 O 6 added. 
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TABLE III—PHOSPHORUS IN FERRO-VANADIUM, 50.7 PER CENT 
VANADIUM 


Author's Method l)v 
Removal of aliout I'wo- 
thirds of VjO.s ai«l 
Pptn with Faintly 
Ammoniaral Ainino' 
mum MtrlybdRte 
Solution 

j 

V;Oa Redueed with 
FeS< >4 iind HjSt)} 
I'ptn with Aeiil 
Molybrlftte SoliDion 
No V Removed 

Acid Molybdate 
Pptn No Kxtra 
HNOi Added No 
• V Removed 

Faintly Ammonitcal 
Amnionium 
Molybdate Pptn. 
plus 40 e p HNOi 
(1 42 sp ffr ) 

No V Removed. 

Per Cent P. 

Per ('ent P 

Per Cent P 

Per Cent P. 

0 414 

0 240 

0 0.53 

0 185 

0 418 

0 232 

0 108 

0 183 

0 397 

0 23.5 



0 401 

0 228 

i 



0 231 




1) 200 

0 220 



_ 





III. —Mkthod for Detiou.mining Phospiioih's in Non-Vanadium 
Steels and Pki Ikon, U.mno a Faintly Am.moniacal Water 
Solution of Am.moniu.m Molyduate. 

Procedure .—Weigh 1.G.3 grams sample into 1.50 c.c. beaker. 
Dissolve in 45 e.c. HNO.i (1.13 sp. gr.) over low flame. (In case 
ot pig iron and certain chrome steels, when all metal is in solu¬ 
tion filter of! carbon residue through 7 cm. paper; wash fifteen 
times with dilute HNO 3 , wash, catching filtrate in 150 c.c. beaker. 
Concentrate filtrate to original volume.) ' 

Add about 3 c.c. of the KMn 04 solution, boiling for three 
minute.s, then just enough FeSO^ solution (alMiut 3 c.c.) to dis¬ 
solve the oxides of manganese. Boil off brown fumes. Add 
15 c.c. HNO 3 (1.42 sp. gr.). Uinsc cover and sides of teaker 
with least amount of water, add .50 c.c. ammonium molybdate 
solution, and stir briskly until phosphorus precipitate is com¬ 
pletely formed (about two minutes’ stirring). Ijet stand one-half 
hour or less. Filter through 7 cm. paper; wash fifteen times with 
dilute HNO 3 wash; then with nitrate wash until the outside fold 
of the filter has no sour taste. In case of high phosphorus samiples 
this may mean as much as thirty-five or forty times. 

(The washings in such a case were kept separate from the 
main filtrate, concentrated to 10 c.c., acidified with 15 c.c. cone. 
HNO 3 and 50 c.c. of ammonium molybdate solution added. 
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It was then allowed to stand overnight. There were no recov¬ 
eries, showing the insolubility of the precipitate in the wash.) 

TABLE IV—COMPARING RESULTS OBTAINED WHEN USING 
FAINTLY AMMoSlIACAL WATER SOLUTION WITH THOSE 
OBTAINED BY USE OF A NITRIC ACID SOLUTION OF 
AMMONIUM MOLYBDATE ' 


1 

Sample No 

Slightly Aminoniaeal 
Water Solution of 
Molybdate 

Per Cent P Found 

Nitric Acid Solution of 
Ammonium Molybdate 
Per Cent P Found 

9. 

0 054 

0 056 

34 .. . 

0 023 

0.023 

7132. 

0 019 

0 018 

3022 ... 

0 056 

0 054 

1 ... 

0 013 

0 014 

2 

0 058 

0 058 

4 

0 042 

0 044 

5 

0 052 

0 052 

70 055 

0 055 

0 052 

80 042 

0 042 

0.044 

r, pig 

0 736 

0 730 

r, steel 

0 006 

0 004 

3641 

0 050 

0 049 

34 . 

0 025 

0 025 

39 

0 0,58 

0 056 

Pig iron standard, A 

0 097 

0 096 


‘ Soe Iron Aee, April 5, 1917 


TABLE V—SHOWING RESULTS OF TESTS ON U. S. GOVT. 
STANDARDS 


Sample. 

P Found Per Cent. 

1 

U S Bureau, 

P Value Per Cent 

Pig iron, D, third set . . 

0 610 

0.602 

Pig iron, B 6a . 

0.104 

0.105 

Pig iron, D 6a. 

0 540 

0.545 

Steel, 10i>. 

0 119 

0.120 


This method is the same as the one published by the author 
in Iron Age, April 5, 1917, except that it was afterwards found 
that more rapid precipitation of the yellow precipitate was 
secured by the addition of 15 c.c. of concentrated nitric acid 
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(or 30 c.c. 1 : 1 acid is safer to handle) to the toiling solution of 
the sample just before removing from the fire to add the molyb¬ 
date solution; and 1.13 sp. gr. HNOs is,used instead of 1.20 
as the steels in general diswolve more rapidly in the 1.13 acid. 

Advantages of the Foregoing Methods for Ordinary Routine 
Work on Plain and Other Steels.—(1) The .simplicity of the 
preparation of the faintly ammoniacal water sohilioti of ammo¬ 
nium molybdate as compared with the elaborate method of pre¬ 
paring the old acid niolybdat<' solution in nitric acid. 

(2) The handling of the acid iTiolybdate is disagreeable, hard 
on the clothing and fingers of the operator and on table tops. 
The slightly ammoniacal water solution is harmless in the.se 
particulars. 

(3) As stated, the slightly ammoniacal water solution keeps 
as clear as distilled water after it. has been pro|rerly filtered; 
and its precipitating power is constaTit, whereas the old acid 
solution soon becomes turbid and therefore its precipitating 
power is continuously lessened. 

(4) The interference of vanadium up to at least 2.6 per cent 
V in the determination of phosphorus is prevented in a simple 
way and the true phosphorus is obtained from ferro-vanadium 
containing the very high vanadium content of .')0.7 per cent. 

Ackn(nvledgmenl .—Credit is due Mr. F. D. Hawkins for his 
careful analytical work when making the trial analyses required 
by the author to prove the foregoing. • 
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Part IV 

THE ANALYSIS OF FERRO-PHOSPHORUS 
Silicon 

Fuse 0.5 or 0.6 gram of tho floured sample in a finely ground 
mixture of 10 grams of sodium carlionate and 2 grams of potas¬ 
sium nitrate in a platinum crucible. After a coinpleto fusion 
is gotten as shown by the melt being practically free of boiling 
at a bright red heat, cool the melt by running it around the 
sides of the crucible; dissolve it out of the crucible with water 
in a platinum dish; transfer the water solution and all to a 600 
c.c. casserole, cleaning the crucible by heating in it some cone. 
HCl; add the cleanings to the casserole whose contents have 
been meanwhile acidulated with 75 c.c. of («nc. HCl. Heat the 
casserole with a watch glass on it until all efTervcscence has ceased; 
remove the cover,and evaporate to dryness; cool; add 20 c.c. 
of cone. HCl; heat for some minutes to dissolve the iron; add 
150 c.c. of water and heat again to dis.solve the sodium salts; 
filter out the silicic acid and wash it free of iron test with 1 : 20 
HCl. Burn off the paper containing the silicious matter in a 
weighed platinum crucible and finish it as in steels, using HF 
and a few drops of H2SO4. (See page 349.) The residue remain¬ 
ing after volatilizing the silicon may contain a little iron and 
phosphorus. Fuse this residue with twenty times its weight of 
anhydrous sodium carbonate; dissolve the fusion with HCl and 
add the solution to the main filtrate from the silicious matter. 

Phosphorus 

The main filtrate from the silicon now contains all of the 
phosphorus and iron. Dilute this filtrate to 400 c.c. with water; 
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add 2 grams of citric acid, to keep the iron from reprecipitating, 
and then a slight excess of ammonia. Heat the solution to 
nearly boiling and pass through it a stream of hydrogen sulphide 
that has been washed by bubbling throug^i a wash bottle con¬ 
taining about an inch of tlistilled water. The original form of the 
2 quart Kipp is the most practiearform of H 2 S generator. The 
iron sulphide that is supplied fused and in stieks is the test for 
this work. The 1 : 1 HCl should be u.sed to attack the iron 
sulphide. When the black sulphide in the main filtrate has 
se.ttled out well and falls to the bottom of the teaker, stop the 
stream of the H 2 S and lilter out the sulphides of iron and some 
platinum (the crucible is attacked some by tlu^ niter in the flux). 
Wa.sh the sulphides aboii fifteen times with water saturated 
with HjS. riaee the filter containing the sulphides in a porce¬ 
lain dish and i^our over it 20 c.c. of 1 ; 1 HCl and warm it with 
the cover on at not over a water-bath tc'mperature for an hour 
to dissolve the iron sulphides. If platinum is present there 
will remain, some insoluble platinum sulphide whiidi can te 
filtered out together with the paper pulp from the first filter 
which was placed on the acid. The second filter is washed at lea.st 
twenty times with 1 : 10 HCl and then further until the washings 
no longer give an iron test with either potassium ferricyanide 
or with ammonium sulphocyanate. 'i'his filtrate and washings 
from the pulp and ]!lalinum sulphide contain all of the iron 
and perhaps still a portion of the phosphorus. 'I'wo grams of 
citric acid are again addeal and tlu* iron is again separated in hot 
solution with HjS as before. Filter out the sulphide of iron and 
wash it as in the first instance. Retain the iron sulphide to get 
the total iron. 'I’he two si’l.s of filtrates and washings from the 
H 2 S precipitations are combined and made acid with about 50 c.c. 
of 1 : 1 HCl and are heated with a cover on until all effervescence 
due to the escape of H^S is over. Remove the cover and evapo¬ 
rate to 100 C.C.; add water if necessary to dissolve any crystals 
that may have formeil; filter out any insoluble matter; add 
150 c.c. of cone, nitric acid and iieat in the covered teaker until 
all action between the nitric acid, the chlorides, and the citric 
acid is over; then transfer to a large casserole and evaporate 
low. When brown fumes begin to develop again, cover the 
vessel and add 50 c.c. more of the cone. HNO 3 . Heat until all 
action is over; remove the cover and evaporate to dryness; 
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cool; add 75 c.c. of cone. HCl; cover; heat until action ceases; 
evaporate again to dryness; cover again; add once more 75 
c.c. of HCl and evaporate dry; cool; heat with 25 c.c. of cone. 
HCl with the cover'on for ten minutes; add 150 c.c. of water 
to dissolve the salts; filter; wash the filter with water until the 
washings are free of chloridds; make the filtrate and washings 
just neutral with ammonia; cool; add 40 c.c. of magnesia 
mixture; stir well; add to the solution one-third of its volume 
of cone ammonia; and stir the solution for one or two minutes 
and let it stand for twelve hours. Then filter out the ammonium 
magnesium phosphate and wash it with 5 c.c. of cone, ammonia 
diluted with 500 c.c. of water, until the washings no longer give 
a cloudiness after being acidulated with a few drops of dilute 
nitric acid and tested with a little silver nitrate solution. The 
washings should be kept separate from the main filtrate. Both 
the filtrate and washings should be tested by adding 10 c.c. more 
of the magnesia mixture and to the washings should be also 
added one-third of its volume of ammonia. If any precipitate 
forms in either the filtrate or the washings it is filtered, washed 
and added to the main precipitate. Dry the filters containing 
the phosphate precipitates, and then smoke off the volatile por¬ 
tion of the filter papers below redness to avoid losing particles of 
the phosphate; do not heat the platinum crucible hot enough to 
ignite the gases coming from the papers. When the smoking 
ceases, raise the heat to low redness, and finally hot enough to 
obtain a pure whfte residue of magnesium pyrophosphate. Do 
not use a blast lamp temperature as the platinum will be badly 
attacked by the phosphate. Weigh the Mg 2 P 207 ; dissolve it 
in HCl; filter out any insoluble silica; wash it; weigh it and 
deduct it from the first weight; calculate the net weight to 
metallic phosphorus by use of the factor 0.2787. 

Magnesia Mixture consists of 25 grams of magnesium chloride, 
50 grams of ammonium chloride, 100 c.c. cone, ammonia and 
200 c.c. of water. This mixture is stirred until the salts are 
dissolved, and after standing for at least twenty-four hours it 
is filtered for use. 

Sulphur in ferro-phosphorus is obtained by fusing the finely 
ground sample as given for phosphorus, continuing the analysis 
exactly as for this element until the silicon has been filtered off. 
The filtrate and washings from the silicious matter are then 
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diluted to 400 c.c. and the sulphur is prceipitated with BaClz, 
using 25 c.c. of a saturated solution of the barium salt. The 
barium sulphate is filtered off after twelve hours and the deter¬ 
mination is then finished ns in steels. 

Iron is obtained from the sul^ihide gotten from the second 
precipitation with II^S in the analysis for phosphorus. The 
sulphide is masted in a porcelain crucible until free of the paper; 
the ash is dissolved in HCl; reduced with stannous chloride 
and titrated with potassium dichromate as in iron ore. The 
iron can also be obtained in the sulphur determination by fusing 
1 gram of the sample as above for sulphur; the filtrate from 
the silicious matter can be divided into two equal parts and one 
part can be finished for sulphur and the other half is precipi¬ 
tated with ammonia to remove the platinum from the iron. 
The latter is then dissolved off the filter with HCl and finished as 
given for iron ore. Sulphur can also be gotten by carbonate and 
peroxide fusion in an iron crucible as on pages 47 and 57. 

Manganese is gotten in the same manner as for manganese 
in insoluble ferro-titanium. (See page 48.) 


TYPICAL ANALYSES 



No 1 

No 2 

Iron. 

79 44 

78 16 

Manganese . 

0 05 

0 06 

Phosphorus. 

18 51 

20 45 

Sulphur. 

0 67 

0 55 

Silicon. 

0 76 

0.54 

Carbon. 

0.26 

0.16 
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Part V 

SULPHUR IN STEEL, MUCK BAR, PIG IRON AND WASHED METAL 

Volumetric 

Dissolve 3 grams of sample in 70 c.c. of 1:1* hydrochloric 
acid. More than this amount of acid is sometimes required 
for rapid solution. The dis.solving flask is the author's design 
and is made in a mold with afire finish, ring 
neck. The flask, being made in a mold in¬ 
stead of by hand, has a perfectly round neck 
and always takes a No. 6 rubber stopper. 
Its capacity is 275 c.c. to ba.se of neck, and 
its height is 165 mm. It is a great conven¬ 
ience to have these details always the same. 
(Fig. 23A.) Previous to designing this flask 
much trouble was experienced in different lots 
of flasks. In the same lot some would rc- 
(quire a No. 4, others a No. 5, and some a 
No. 6 stopper to get a good fit. Then 
ground finish flasks will crack at the neck 
when placed in the heater to dry out the 
Fig. 23A. water. Drillings are never weighed into wet 
flasks. The No. 6 stopper is perforated with 
three holes, one to receive a bulb funnel of 75 c.c. capacity. 
This funnel is also designed to facilitate the work. It has an 
opening at the top of the bulb of 15 mm. diameter. The glass 
cock has an extra large hole bored in it (3^ mm. diameter) to 
permit of rapid flow of the acid from the bulb into the flask. 
The total distance from the base of the bulb to- the outlet in 
the stem is 145 mm. The second hole in the stopper admits 

* Two parts of 1.20 HCl (cone.) to 1 part of water are more reliable as 
some kinds of pig iron show no sulphur at all by the evolution method with . 
weaker acid. 
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a small tube that dips just below the level of the fluid in flask. 
After the iron is completely dissolved, hydrogen is forced through 
this inlet for from three to five minutes to drive- out any hydrogen 
sulphide that may remain in I lie interior of the fla.sk. The 
third hole admits the delivery tub,- whi,-h (-arries the evolved 
gases to the bottom of the ab.sorbing solution of animoniacal 
cadmium chloride. This solution is contained in a thick-wall, 
thick-bottom, test tube about 10 inches by 1 inch. Fifty c.c. 
of the solution are used for each analysis. 

The Evolution Appauatu.s for the Determination 
OF Sulphur in Plain Carhon Steels. 

The bulb funnel referred to on page 330 is shown at H in 
Fig. 24. At D the thick wall, 10X1 inch, coiitaiiiiiig the am- 



moniacal cadmium chloride solution is given. The tube F with its 
four branches distributes the hydrogen to each dissolving flask 
E. On each branch a screw pinch cock, not shown in the cut, 
is located at the point G to shut off the hydrogen from any one 
flask E. The delivery tubes are as shown at C. 

The flask is clamped in a rack supporting four flasks to the 
stand.* Each stand is supplied with four burners. The top of 
the stand on which the bottoms of the flasks rest is an asbestos 
* See Fig. 24. 
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copper-rimmed board with a circular hole of 42 mm. diameter cut 
in it immediately over each burner. The bottom of the flask 
rests in this hole. Hanged alongside of this rack is a wooden 
one holding the four absorption tubes. As many such sets of 
four are in operation at one time as the chemist can manage 



Fio. 25. 


When the solutions no longer evolve gas to any extent without 
the aid of heat, the flames are raised slightly so as to maintain 


* Drawing No. 25 shows the connections for a single flask for the evolution 
of sulphur in steel, etc. This arrangement differs from that shown on page 
331 in that the delivery tube is disconnected at K when the evolution is 
completed. The tube J is left permanently in the stopper. This is a much 
safer arrangement than the old one where J and K and C were all one piece 
of glass tubing. By the old way frequent breakages resulted at J and quite' 
a few cut fingers. 
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a very slight boiling action. When heat no longer produces 
gas bubbles in the absorption tulx“s, the hydrogen is turned in 
and a rather rapid passage of this gas is continued for from three 
to five minutes. The cocks on all of the*bulb funnels are then 
opened. The hydrogen is shut off at each flask. 

The cadmium .solution contaimng the precipitate of sulphide 
is poured on a rapid running 11 cm. filter. The absorption tube 
is rinsed with water and the washings are poured on the filter. 
The latter is washed three or four limes with water. The 
delivery tube, if much precipitate adlu'r.'s to it, is cleansed by 
rubbing it with a little tiller paper. T ins small piece of paper 
is then dropped in on the main portion of the cadmium sul¬ 
phide to which it belo.ugs. The delivery tube, without further 
washing, is put bai k into its res[K'clive absorption tul)e. 

Both tubes together with the filter paper containing the 
major part of the sulphide are tak(‘n to the titration table 
together with the other tests which have been similarly per- 
pared. The filter paper with the adhering sulphide is placed 
in a 1000 c.c. beaker coidaining .'iOO c.c. of water. For con¬ 
venience the beaker should have an etclu'd mark on it to indicate 
the half liter. 

The paper is beaten into fragments with a glass rod and 
the pulp is stirrc'd all through the water. Two c.c. of starch 
solution arc added. T'he absorption tube corresponding to this 
filter is filled one-quarter full of distdled water and then to within 
an inch of the top with 1 : 1 hydrochloric! acid. Further, the 
delivery tube, which has been momentarily removed from the 
absorption tube previous to adding the water, is returned to 
the acid fluid, and is raised and lowered in it to dissolve any 
small quantity of cadmium sulphide adhering to its interior or 
exterior walls. It is then laid aside and the fluid in the absorp¬ 
tion tube is poured into the water containing the bulk of the 
yellow sulphide. This acid is not dumped in promiscuously 
but is allowed to run down the inner wall of the beaker rather 
slowly so as not to d; turb the contents thereof. Before stirring 
the acid through the latter, iodine is dropped in from a Gay- 
Lussac burette held in the operator’s left hand. The drops 
are added in such a way that a circle of drops extends around 
the inner circumference of the Ijeaker. With his other hand 
the operator now gives the solution in the beaker a slight stir 
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with a glass rod. If this causes the blue to disappear, leaving 
a reddish tint, another circle of drops of iodine is added, and so 
on until two or three drops of the standard iodine solution pro¬ 
duce a purplish blue dnd-point which does not fade to a red with 
more stirring. 

The number of c.c. of ioSine used less the number of c.c. 
required to produce a faint blue in a blank test, multiplied by 
the percentage value in .sulphur of the iodine standard, equals 
the per cent of sulphur. The blank test is made on the same 
amounts of starch, filter paper and water as are used in an actual 
analysis. 

This sulphur value is obtained by runi.ing steels of known 
sulphur contcnit in the manner described. 

The U. S. Bureau of Standards, Washington, D. C., also 
furnishes phosphorus, sulphur, silicon, and manganese standards 
for pig iron and steel that have been analyzed by chemists 
experienced in iron and steel analysis. These constitute a 
valuable aid to tin; analyst, enabling him at any time to check 
his own standards. The cost of the.sc standard.s is low. Steps 
are bein ’: taken with a view to preparing also a .scries of various 
alloy steel standards standardiz;'d as to vanadium, titanium, 
chromium, tungsten, and molybdenum content. 

Each day a standard stool should be run ilh the other work, 
as new .acids and chemicals arc liable to cause the sulphur value 
of the iodine to change from that originally obtained when it 
was first standardized. 

This method is accurate for alt unhardenod plain carbon 
steels, and for annealed pig iron and for muck bar. In chilled 
pig iron, unle.ss first annealed, the results are usually about 
25 per cent lower than the actual sulphur, and yet, in spite of 
this fact, by reason of its rapidity, practically the method as 
given is very generally in use by buyer and seller of pig iron. 
The practice of annealing the drillings in covered crucibles, at a 
red heat, for fifteen minutes may probably come into vogue. 

However, if the buyer and seller understand the limitations 
of the method it would seem unnecessary to resort to this detail. 
The steel furnace superintendent could calculate his sulphur 

* As is generally known, the U. S. Bureau of Standards now has plain 
vanadium, chrome-vanadium, chrome-nickel, chrome-tungsten and plain 
nickel standards for distribution at a reasonable rate. 
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content one-fourth higher than tlie laboratory report. Or the 
buyer and the seller could agree that if their respective labora¬ 
tories find 0.060 per cent .sulphnr, for e.'^ainple, in pig iron, it 
shall be reported as 0.075 per cent, thus sa\ing valuable time in 
the laboratory and yet have ri'roijls that are sufficiently close to 
the truth for all practical purposi's. 

The evolution method is unreliable for steels high in copper 
and for many alloy steels that form carbides that are insoluble 
in 1 : 1 hydrochloric acid. The results arc too low. (Sec pages 
122-128.) 

The Starch Solution. -(Iritul 1 gram of good wheat starch, 
free from rancid smell, to a powder. Stir it with It) c.c. of water 
in -a small beaker and pour it carefully into tlO c.c. of boiling 
water. Cool and u.se as needed. It is Iwst to prepare this 
solution daily. 

Iodine Standard.*—One gram of l>est resublimed iodine is 
dissolved in a very little wat('r togetlu'r with 10 grams of e.p. 
potassium iodide. This is diluted to 1000 c.c. with distilled water. 
It is standardized against a str^el of known sulphur content. 

Cadmium Chloride Solution. -Twenty grams of anhydrous 
cadmium chloride are dissolved in 1400 (^c. of ammonia water 
of 0.9 specific gravity. This .solution is diluted to 4 liters with 
distilled water for use. 

Lead Acetate Solution.—For purification of the hydrogen 
before it enters the sulphur flasks, it is allowed to bubble through 
a 500 c.c. Bunsen wash bottle containing a solution of lead 
acetate made as follow.s: (1) Dissolve 100 grams of lead acetate 
in 400 c.c. of water. (2) Dissolve 400 grams of potassium 
hydroxide in 500 c.c. of water. Pour one .solution nto the other and 
mix thoroughly. Use 120 <!.c. of this .solut ion in each wash bottle. 

The hydrogen is generated in an ordinary Kipp apparatus.! 

Gravimetric Sulphur in Pig Iron, Steel, Washed 
Metal and Muck Bar 

Dissolve 5 grams of drillings of 0,04 per cent and higher 
sulphur content in 200 c.c. concentrated nitric acid, using an 

• One c.c. of this standard equals from about 0.0042 to 0.0045 per cent 
■of sulphur when 3 grams of sample are taken for analysis. 

t See pages 331 and 525. 
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800 c.c. beaker. For percentages of sulphur under 0.04 per cent 
use 10 grams of drillings, dissolving the latter in 300 c.c. of con¬ 
centrated nitric acid,. Add the nitric acid a few c.c. at a time. 


as the reaction is violent. When all acid is in the beaker, warm 
the contents of same until action is over. Then add 2 grams 
of sodium carbonate. Transfer the solution to a No. 6 dish 
and evaporate on the sand or graphite bath to dryness. Di»- 


Photo No. 26. 
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content one-fourth higher than tlie laboratory report. Or the 
buyer and the seller could agree that if their respective labora¬ 
tories find 0.060 per cent .sulphnr, for e.'^ainple, in pig iron, it 
shall be reported as 0.075 per cent, thus sa\ing valuable time in 
the laboratory and yet have ri'roijls that are sufficiently close to 
the truth for all practical purposi's. 

The evolution method is unreliable for steels high in copper 
and for many alloy steels that form carbides that are insoluble 
in 1 : 1 hydrochloric acid. The results arc too low. (Sec pages 
122-128.) 

The Starch Solution. -(Iritul 1 gram of good wheat starch, 
free from rancid smell, to a powder. Stir it with It) c.c. of water 
in -a small beaker and pour it carefully into tlO c.c. of boiling 
water. Cool and u.se as needed. It is Iwst to prepare this 
solution daily. 

Iodine Standard.*—One gram of l>est resublimed iodine is 
dissolved in a very little wat('r togetlu'r with 10 grams of e.p. 
potassium iodide. This is diluted to 1000 c.c. with distilled water. 
It is standardized against a str^el of known sulphur content. 

Cadmium Chloride Solution. -Twenty grams of anhydrous 
cadmium chloride are dissolved in 1400 (^c. of ammonia water 
of 0.9 specific gravity. This .solution is diluted to 4 liters with 
distilled water for use. 

Lead Acetate Solution.—For purification of the hydrogen 
before it enters the sulphur flasks, it is allowed to bubble through 
a 500 c.c. Bunsen wash bottle containing a solution of lead 
acetate made as follow.s: (1) Dissolve 100 grams of lead acetate 
in 400 c.c. of water. (2) Dissolve 400 grams of potassium 
hydroxide in 500 c.c. of water. Pour one .solution nto the other and 
mix thoroughly. Use 120 <!.c. of this .solut ion in each wash bottle. 

The hydrogen is generated in an ordinary Kipp apparatus.! 

Gravimetric Sulphur in Pig Iron, Steel, Washed 
Metal and Muck Bar 

Dissolve 5 grams of drillings of 0,04 per cent and higher 
sulphur content in 200 c.c. concentrated nitric acid, using an 

• One c.c. of this standard equals from about 0.0042 to 0.0045 per cent 
■of sulphur when 3 grams of sample are taken for analysis. 

t See pages 331 and 525. 
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Part VI 

MANGANESE IN PIG IRON, TUNGSTEN STEEL, MUCK BAR, NICKEL 
STEEL, MOLYBDENUM STEEL, VANADIUM STEEL, TITANIUM 
STEEL AND CHROME STEEL 


For pig iron, muck iron, plain carbon, or plain vanadium steel 
or nickel steel, titanium steel with absence of chromium and 



with silicon not over 3 or 4 per 
cent, and tungsten steel not much 
over 3.6 per cent tungsten, accu¬ 
rate to 2 per cent of manganese. 
Dissolve 0.100 gram for mangan¬ 
ese of not over 1 per cent mangan¬ 
ese or 0.050 gram for higher per¬ 
centages in 40 c.c. 1.20 nitric 
acid in a 10 by 1 inch test tube 
over a low Bunsen flame. (See 
Fig. 27.) 

Boil until red fumes are 
gone. Revolve the tubes from 
over the flame and add cau¬ 
tiously 1 gram of light-brown 
colored peroxide of lead free 
from manganese. Do not use 
lead peroxide of the very dark 
brown, in some instances, almost 
black color as this very dense 
variety does not yield its oxy¬ 
gen readily, and results will not 
check and are frequently 25 per 
cent too low. Insist on getting 
light-brown lead peroxide. 


Fig. 27 is after a design by Dr. E. S. Johnson. 
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After adding the lead to all of the tubes, raise the flames 
causing the (tontents to boil almost to the top of the test tubes, 
four minutes. Lower the Haines, place the tubes quickly in 
cool water, and then, after a few secondsl delay, directly into 
cold water. Permit the exci'ss of lead pero.xide to settle ten 
minutes, or longer if convenient, in*a dark cuplxrard. 

Decant the contents of the tubes into 5-ounce beakers as 
needed, leaving all black sediment in the bottom of the test 
tube. Titrate the pink solution with standard sodium arsenite 
until all pink or brown shades are gone and a suggestion of 
yellow color appears. The author has tried many methods for 
the quick determination of mangane.se, and can recommend it in 
preference to other methods for simiilicity, s[K;e(l, and accuracy. 
Chromium is about the only disturliing element likely to be met 
with in steels, and can he (piickly removed by the following 
method, which is used also for all higli-siH'ed combinations and 
high per cent tungsten steels. 

Dissolve 0-300 gram or 0.150 gram in low and high man¬ 
ganese steels, respectively, and proceed c'xactly as given for the 
determination of manganese in chrome-vanadium steels. (See 
Analysis of Vanadium Steels, pages 32-33.) 

For plain molybdenum steels without chromium, proceed 
as in plain steels. Presence of large quantities of copper and 
nickel do not interfere with this method. Of course, hydro¬ 
chloric acid should be ali.sent, or any other substance that 
would reduce permanganic acid, such as carbdnaccous materials. 
Sunlight bleaches the pink color, causing low results.* 

Standard Sodium Arsenite Solution. f—ConceidraW Stock 
Solution—2AS grams of c.p. arsenious acid and 12.5 grams 
of c.p. fused sodium carlionate dissolved in 1250 c.c. of distilled 
water. Dissolve the arsenious acid and the carbonate, at first, 
in a little hot water. 

Working Strength—20() c.c. of stock solution diluted with 
1600 c.c. of water. One c.c. of this solution will equal, usually, 
0.07 per cent of manganese when 0.100 gram of sample is taken. 
It should be checked agaiirst steels of known manganese content 
before it is used. 

• For determination of manganese in cobalt steels, see page 389. 
t Desliay suggested the sodium arsenite titration. 
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Rapid Method for Preliminary Bath Tests. Time, Ten 
Minutes for All Operations; Fifteen Minutes Enough 
FOR Test in Duplicate 

Use a cone flask with a lip measuring Ij inches top, inches 
bottom, 4j inches high. Weigh a 100 mg. sample, add 40 c.c. 
HNO3 (1.20); place on hot plate and boil until brown fumes have 
been driven off. Remove from heat, add one small spoonful of 


'4 



PbOa (approximately 1 gram); replace on hot plate and boil 
exactly two minutes. Electric hot plate is the most convenient. 
(See Photo No. 28.) 

Place the flask immediately into a pan of cold water and 
bring to room temperatine as quickly as possible. Using suction, 
decant the contents of the fl.ask through a porcelain Gooch cru¬ 
cible containing a thin asbestos pad, or through a carbon filter 
tube with a pad of washed I'). & A. asbestos (resting on a per¬ 
forated porcelain plate) into a 2.50 c.c. suction flask. Wash filter 
three times with distilled water, then titrate solution in the same, 
flask to disappearance of pink with standardized sodium arsenite 
solution. Multiply number of c.c. used by 0.07 and report 
the product as per cent manganese. 

It is not necessary to rinse the original flask after pouring 
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contents on filter. Leave the sediment of excess PbOa in the 
oxidation flask. 


EXAMPLE 

» 

No. 118 Standard. 

7 2 <- c. 2d rondmK of burette 
0 0 c e. Ist reading of burette 

7 2 c.e. 

X 07 


.504 

0..50 Mn. 

No. 34 Standard. 

12 2 c.c. 2d reading 
7 2 c.c. I.st reading 


5 0 c.c. 

X 07 

35 c.c. 

0 35 Mn 

Reparation of Asbestos. —Idll a 400 c.e. beaker one-third full 
of E. & A.’.s or .some other good jrrade of wa.sh'id a,sbestos. Add 
200 c.e. distilled water and 100 c.c. H 2 SO 4 (1 : 3); bring to a 
boil; then add KMn ()4 solution (2.5 grams per 1000 c.c.); a 
few drops at a time, until a slight pink persists after five minutes’ 
boiling; filter on a funnel containing a perforated porcelain disk; 
using suction. Wash with distilled water until washings are 
water white. Upset the asbestos plug in funnel several times, 
so as to give more thorough washing. Place in clean bottle, 
cover with distilled water and stopper for future use. 

Preparing Plug for Filtering.—Transfer some of the soft 
moist fibers to the filtering crucible, then apply gentle suction 
while tamping down lightly with a flattened end glass rod. Fill 
the crucible with distilled water, apply stronger suction and 
note if the filtrate is clear. If cloudy, repeat filtration of water 
until clear. The filtering crucible is now ready for use. Have 
a filter ready before tests come in. 
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Manganese-Persulphate Method 

Determination oi Manganese in the Presence of Chromium. 

—Dissolve 100 ings. of sampjn in a 1.50 c.c. cone flask 4^ inches 
high by 2 J diameter at bottom, by IJ inches at top, with 20 c.c. 
H 2 SO 4 (1 : 3); heat on hot plate or stove until dissolved. When 
dissolved, add 5 c.c. HNOu (1.20); boil to expel brown fumes. 
Remove from heat; add 20 c.c. water; then 10 c.c. AgNOa 
(6 grams per liter); then 1.5 c.c. ammonia persulphate (240 grams 
per liter); heat moderately (to incipient boiling) until no more 
fine bubhlcR are given off. Shake flask frequently. 

Place in a pan of cold water and cool to room temperature. 
In plain carbon steel titrate to a straw yellow with sodium 
ar.senite; if chrome is present titrate to a golden yellow color. 
The number of c.c. con.sumed multiplied by 0.076 = per cent Mn 
on 100 mg. sample. .Standardize with U. S. Government standard 
steels of similar composition. 

The sodium arsenitc solution is the same as used in titration 
of manganese by Pb 02 method.' 

Factor Pb02 method . 0.07 per cent Mn in 100 mg. 

Factor persulphate method... 0.076 per cent Mn in 100 mg. 

The use of artjmonium persulphate and silver nitrate for the 
determination of mangane.se in steel was first worked out in the 
United States by Walters. The silver nitrate acts as an oxygen 
carrier by the intermediate formation of silver peroxide. The 
equations showing the action of the persulphate and the arsenious 
acid and the permanganic acid are given below: 

2Mn(N03)2+5(NH4)2S208-l-8H20 = 

2HMnO4-hl0(NH4)HSO4-h4HNO3. . (1) 

4HMnO4+10As(OH)3-l-8HNO3 ^ 

10H3AsO4-h4Mn(NO3)2+6H2O. . (2) 

• Photo. No. 28 shows the oxidizing flasks heated on an electric stove for 
both the lead peroxide rapid bath test, or in the persulphate method just 
described. The carbon filter tube is shown at 6 and the oxidizing flask at 2. 
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contents on filter. Leave the sediment of excess PbOa in the 
oxidation flask. 


EXAMPLE 

» 

No. 118 Standard. 

7 2 <- c. 2d rondmK of burette 
0 0 c e. Ist reading of burette 

7 2 c.e. 

X 07 


.504 

0..50 Mn. 

No. 34 Standard. 

12 2 c.c. 2d reading 
7 2 c.c. I.st reading 


5 0 c.c. 

X 07 

35 c.c. 

0 35 Mn 

Reparation of Asbestos. —Idll a 400 c.e. beaker one-third full 
of E. & A.’.s or .some other good jrrade of wa.sh'id a,sbestos. Add 
200 c.e. distilled water and 100 c.c. H 2 SO 4 (1 : 3); bring to a 
boil; then add KMn ()4 solution (2.5 grams per 1000 c.c.); a 
few drops at a time, until a slight pink persists after five minutes’ 
boiling; filter on a funnel containing a perforated porcelain disk; 
using suction. Wash with distilled water until washings are 
water white. Upset the asbestos plug in funnel several times, 
so as to give more thorough washing. Place in clean bottle, 
cover with distilled water and stopper for future use. 

Preparing Plug for Filtering.—Transfer some of the soft 
moist fibers to the filtering crucible, then apply gentle suction 
while tamping down lightly with a flattened end glass rod. Fill 
the crucible with distilled water, apply stronger suction and 
note if the filtrate is clear. If cloudy, repeat filtration of water 
until clear. The filtering crucible is now ready for use. Have 
a filter ready before tests come in. 



344 MANGANESE IN PIG IRON, TUNGSTEN STEEL, ETC. 


Specially Prepared Pb02—Weigh five pounds red lead into 
a 4-liter crock. Add 3000 c.c. HNO 3 (1.13 sp.gr.); stir with a 
paddle or heavy glass rod. When the residue has a uniform 
chocolate or brown appearance, let settle; then pour off the 
liquid. This liquid is largely lead nitrate, and can be concen¬ 
trated, roasted, and roastetl over again. The brown residue 
is mainly Pb 02 . 

Fill crock nearly full with distilled water, stir well with paddle, 
let stand and pour off as before. 

Repeat several times, until decanted liqtiid is only faintly 
acid or neutral. Transfer residue with a scoop or spatula to a 
large porcelain dish and evaporate to dryness at 150° C. Powder 
and put into stoppered bottles. 

Pb 02 prepared in this manner is of a light brown color, and 
settles quickly when used on manganese determinations, and 
will oxidize manganese completely to as high as 16 per cent in 
steel. (See method for steel containing 10 per cent of manganese.) 
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Pakt VII 

THE DETERMINATION OF MANGANESE IN STEELS OF HIGH MAN¬ 
GANESE CONTENT, ACCURATE TO AT LEAST 16 PER CENT 

MANGANESE, IN THE PRESENCE OF MUCH CHROMIUM 

Weigh 1 sram sample into 400 e.e. beaker; add 30 c.c. 
H2SO4 (1 : 3) and 70 e.e. distilled water and heat mildly until 
dissolved. Add 20 e.e. lINOa (1.20) and boil gently until brown 
fumes are expelled. Let cool, transfer solution to a 500 c.c. 
calibrated flask; and after rinsing beaker several times with 
distilled water, bring volume to 250 c.c. 

Make a liquid paste of zinc oxide and water that will just 
pour; fill a 100 c.c. graduate with the paste, from it, add alwut 
10 c.c. of zinc paste at a time to the flask, shaking thoroughly 
after each addition until a thin white layer of zinc oxide covers 
the bottom of the flask on being allowed to settle one minute. 
Avoid a large exem of ZnO. Dilute to the .500 c.c. mark with 
distilled water; stopix-r; and mix thormigfily by repeatedly 
inverting the flask and shaking it. Filter immediately, through 
dry double 15 cm. filter papers into a dry 400 c.c. beaker; discard 
the precipitate. Hinse a clean, 50 c.c. pipette twice by drawing 
about 10 c.c. of the filtrate into it, each time shaking it well. 
Reject these rinsings. 

Now deliver exactly 50 c.c. of the filtrate from this pipette 
into each of two clean 400-c.c. beakers. Add 200 c.c. HNO 3 
(1.20 sp. gr.) and a few grains of pure Si 02 to each, to 
prevent violent boiling. Place over good flame; bring to a boil; 
add 2 grams of specially prepared Pb 02 to each and let boil 
exactly four minutes. Remove from stove, and add 30 c.c. H2SO4 
(1 : 3) to each, stir with glass rods; place in a pan of cold running 
water. 

When room temperatiure is reached, let tests settle for one 
345 
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hour in a cool, dark place, after which time they are ready for 
titration. Each test represents one-tenth of the original weight. 

Titration .—Decant into a clean 600 c.c. beaker all of the solu¬ 
tion possible, without disturbing brown lead residue on bottom 
of beaker. Stir vigorously and add rather rapidly from a burette 
N/20 ferrous ammonium sulphate until solution in beaker is 
water white. Back titrate carefully with N/20 KMn 04 solution 
to the first appearance of a permanent pink. Deduct c.c. per¬ 
manganate used from c.c. ferrous ammonium sulphate consumed 
and figure percentage to Mn as shown under “Calculations.” 

Rapidity of titration gives a better end-point as lead sulphate 
begins to form in considerable quantity in a few minutes. 

Precautions .—(1) Do not mix the H 2 SO 4 and the nitric acid 
before adding the acids to the drillings. Put the sulphuric acid 
on first, and them add the nitric acid, only, after the sulphuric 
acid has ceased its action. The purpose of this procedure is 
to remove as far as possible all of the carbon and carbides before 
the nitric can act on them. If the carbon gets into .solution, 
the complete oxidation of the manganese to permanganic acid 
is interfered with. 

(2) Remove the iron with the zinc oxide, whether there is 
chrome present, or not, when the manganese is from 3 per cent 
to 15 per cent. There is evidence that the oxidation of high 
per cents of manganese, in steel, to permanganic acid, by means 
of lead peroxide, is^most succe.ssful when the iron is first removed 
by zinc oxide. The author is not prepared to state whether this 
is due to the absence of the iron or due to the precipitated iron 
sweeping out the last traces of carbon. The nitric acid may 
put carbon into solution when it attacks the carbides that the 
sulphuric acid failed to dissipate as gas before the nitric acid 
was added. 

STANDARDS 


400 mg KMnOt \ ... ,. ... ■ . 1 

1 gm plain steel / ^ approximately 


200 mg. KMn 04 1 
100 mg. KiCrsOr i 
1 gm. plain steel J 


(B) 7 per cent Mn approximately 

3.5 per cent Cr approximately 


Put standards through operations simultaneously with the tests. A 
high manganese steel on which the manganese has been carefully deter¬ 
mined gravimetrically may be used for a standard also, if prefeired. 
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KMnO, 

Slandardizalion and Calculations 
20() mg. KMn (>4 \ l*o. 

Am. iSul. 

7.3 

100 mg. K2(>2()7 I (B) 1/10 

44 8 

2 9 

1 gm. steel J 1 

27 6 

'—- 


-- 

4.4 

(B) IS diluted • 

17 2 


to 500 c.c. 

-4 4 


50 c.c. of (B) run as a standard. 

12.8 c.c. 


00050 


3476 

Mn m 1 gm. KMn()< 

12 8) .1X17172 

2 


640 

.06952 

Mn adilod 

772 

0022 

Mn in .steel 

768 

10 ) 07172 


— 



A 

.00717i 


% 


1 c.c. =0.50 per cent Mn 

on 100 mg. sample 

KMnO. 

Standard steel 


2 9 

13 52',;, Mn 


0.0 

— 

0(K)563 

Fe. Am. .Sul. 

2.9 

24)'013.520 

27 5 


120 

.06 


152 

26 9 


114 

’ -2 9 


— 

— 


80 

72 

8 

24.0 c.c. 

1 c.c. =0.563 per cent Mn on 100 mg. sample 


Sample No. 1 KX) mg. 

Fe. Am. Sul. 

KMnO. 


61 4 

7.0 


44,8 


— 

7.02 per cent Mn 

16,6 

4.1 


-4 1 


12 5 c.c. 

.5615 Mn factor 
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7.018 % Mn 
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Part VIII 

SILICON IN PIG IRON, STEEL AND MUCK BAR 

Weigh 1.5 grams of pig iron info a No. 2 dish. Add 15 c.c. 
1 : 3 sulphuric acid * plus 10 c.c. water. Weigh 5 grams of low 
silicon steel or 3 grams of high silicon steel, i.o., silicon content 
of 0.1 per cent and over, into a No. 5 dish. Add 45 c.c. 1 : 3 
sulphuric acid and 25 c.c. of water. Warm gently until all 
metal is in solution, adding more water if necessary, should 
sulphate of iron form before effervescence is over. When the 
iron is in solution evaporate the pig iron and higher carbon 
steels directly to thick fumes of sulphuric anhydride without 
removing the covers. 

Low carbon steels and chrome steels of 1 per cent chromium 
and over will bump and spurt from under the covers if attempt 
be made to evaporate them rapidly over the bare flame of the 
Argand burner. In, such cases the covers are rin.sed off into the 
dishes, and the (aintents of the latter are evaporated to thick 
fumes on a graphite or sand bath. (See page 448, view 43.) 

For effeeting the solution of the iron and the evaporation of 
fumes with covers on, an apparatus consisting of a stand of 
twelve Argand burners covered with a copper-rimmed asbestos 
board of tW’elve holes are used. (See Fig. 21, page 310.) 

Having evaporated the samples to fumes, the dishes are cooled 
and filled conveniently full of distilled water. They are put 
on the heating stand; the contents heated and stirred until all 
of the sulphate of iron is in solution. Ashless paper pulp is 
mixed with the solutions, which arc then filtered through 11 

• Use rubber stoppers in reagent bottles that arc in constant use in routine 
silicon work, as during continued handling the glass stoppers are struck 
against the necks of the bottles and small chips of glass are knocked off into 
the acids, causing high results. 
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cm. ashless filters; the silicious residues washed free from iron 
test with I ; 10 liydrochloric acid and then free of acid with 
water. Potassium sulphocyanate is u.sed in testing for the 
presence of iron. Wash acid and wash wfeter are applied cold. 

The washed residues are ignited in a muffle furnace until pure 
white.* The residues may rctafti a reddish tint due to iron, or 
may be colored gray from presence of chromium or copper oxides, 
or yellow owing to tlu; presence of small quantities of tungsten 
or vanadium. In such event after having l)e('n weighed they 
should be evaporated to dryness with a few drops of sulphuric 
a(!id and 10 c.c. of c.p. hydrofluoric acid. They are then ignited 
and weighed again, and th(\ sili(!on content is calculated from 
the loss of weight, which multiplied by 40.93 and dividetl by 
the weight taken, yields the percentage of silicon. 

When chromium is present, to the extent of 1 per cent, the 
silica residue can be freed sufficiently from chromium to make 
a subsequent evaporation with hydrofluoric and sulphuric acids 
unnecessary by boiling the fumed sulphate residue for ten 
minutes with a mixture of 7,5 c.c. of 1 : 1 hydrochloric acid and 
75 c.c. of water. Then filter and wash as Ixjfore.f 

The ignited residues are (tooled in a desiccator, weighed, 
multiplied by 46.93 and divided by the weight taken. 

The silicious rc'sidiu® obtained by this method, or any other 
of the variations that arc in vogue, are liable to be contami¬ 
nated with titaniutn and aluminum, especially in pig iron. 
Hence all silica residues, for strictest accura*cy, should be evapo¬ 
rated with an excess of hydrofluoric acid and two or three drops 
of sulphuric acid, then ignited and weighed again, multiplying 
the loss of weight by the usual factor, and dividing by the weight 
taken to obtain the percentage of silicon. 


Routine Method for Plain Steel, Pig Iron, etc. 

It is the practice in probably all large steel works labora¬ 
tories to burn off the carbonaceous matter from the washed 
siliceous residue in an unweighed crucible. If the ash is pure 

• The author uses an electrically heated muffle ventilated by a slow stream 
of compressed air. 

t For close work it is always advisable to use the hydrofluoric acid when 
chromium is present. 
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white, instead of weighing the crucible and ash together, the 
ash, only, is brushed out of the crucible onto the glass scale pan 
and weighed. This permits the use of a refractory crucible such 
as porcelain or fused tilica. The author prefers to use a zirconia 
composition crucible, which can be referred to as a silicon cup. 



Photo No. 29. 


The most convenient size is Ij inches outside diameter at the 
the top; 1 inch bottom diameter and 1} inches high. In ca.se 
the ash is not white, it can be transfeiTcd to a platinum cruci¬ 
ble; weighed; and evaporated with H.>S 04 and HF" as already 
described. The silicon cup is shown in Photo No. 29, at S. 



Photo C. Holdeb bob Silicon Chps 



C'HAITKR XII 

Part IX 

THE ANALYSIS OF CALCIUM ELECTRO-SILICON 

0.9 or 1.0 Ki'iiin of the floured samph' is fused with 20 grani.s 
of anhydrous sodium (■arl)onal(^ ground with 2 uraiiis of niter 
ill a platinum erueible. The analysis is proeeeded with as in 
erueible slag (page 122), obtaining residues A and Jl, whieh 
contain all of the silicic .acid and perhaps a small portion of the 
calcium, iron, etc. 'I’liis residue is weighed and hydrofluoric 
acid is added to it very slowly at first and finally enough of this 
acid to fill the crucible two-thirds full. Before the HF, 10 
drops of cone, sulphuric acid are added. Then evaporation to 
fumes follows and the silicon is finished as in steels. Where 
such large amounts of silica arc evaporated it is well to add more 
HF and sulphuric acid and repeat the volatilization to make 
sure that all of the silica has been renuM'd. The stain or 
residue remaining in the crucible after these evaporations is 
fu.sed with a gr.am of sodium carbonate, dis.solved out with 
HCl and added to the (ombined filtrates from A and B which 
will now contain all of the iron, aluminum manganese, calcium 
and magnesium. A double basic acetate separation of the iron 
as given on pages 244 and 24,') is made. The acetate precipitate 
from the second precipitation is ignited, dissolved in HCl, pre¬ 
cipitated with ammonia, washed, ignited, and weighed as oxides 
of iron and aluminum. These oxides are then dissolved in HCl 
and the solution is divided into two equal parts. One-half is 
reduced with stannous chloride and finished for iron as in iron 
ore. The other half is converted into nitrate and finished for 
phosphorus as in steel. The iron is multiplied by two, calculated 
to ferric oxide and deducted from the total oxides. The phos¬ 
phorus is also multiplied by two, calculated to P 2 O 5 and deducted 
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from the total oxides. The remainder after these deductions is 
calculated to metallic aluminum. 

The filtrate.s from the two basic acetate precipitations contain 
all of the calcium which is precipitated with ammonium oxalate 
and finished in the usual way as in limestone. The manganese 
is obtained as in tungsten, page 77. 


ANALYSIS 



Pur Cent 


Per Cent 

Silicon . 

58 48 

Calcium.. 

30 86 

Iron . 

7 08 

Carbon 

0 80 

Aluminum. . 

1 

2 41 

Manganese 

0 06 


The carbon is gotten by ignition of 0,5 gram of tlic .sample 
with 4 grams of red lead, or litharge, in the electric furnace. 





CHAPTER XIII 


Part I 

THE DETERMINATION OF URANIUM IN FERRO-URANIUM, CAR- 

NOTITE ORE AND MIXTURES OF IRON, VANADIUM, URANIUM 

AND ALUMINUM 

The determination of uranium in ores and ferro-alloys is 
usually complicated by the presence of vanadium and aluminum. 
The author has encountered so-called ferro-uranium containing 
as much as from 15 to 20 per cent of aluminum in several instances. 
Vanadium was always present from 2 or 3 per cent to as high 
as 28 per cent. 

The scheme of titrating the uranium and vanadium together 
by reducing both elements in sulphuric acid .solution with alumi¬ 
num was tiled as recommended by some writers. In this method 
the total amount of the permanganate standard required to 
reoxidize both elements .so as to protluce a slight permanent 
pink color, is noted. Then the vanadium^ alone, is reduced, 
this time to V 2 O 4 only, by adding an excess of sulphurous acid 
(SO 2 ) and boiling off the excess of the latter. The vanadium 
is then oxidized back until a slight permanent pink is again 
obtained. The number of c.c. of the KMn 04 required in this 
second titration is multiplied by three and deducted from the 
amount of the permanganate used in the first titration. The 
remainder is multiplied by the uranium value of the perman¬ 
ganate, thus obtaining the uranium. In the author’s hands the 
results were di.scordant whether the reduction was accomplished 
by aluminum or zinc. The more vanadium present the worse 
disagreements, and the less vanadium, the more nearly the true 
uranium was obtained. With uranium, alone, the reduction 
with permanganate is entirely satisfactory. 

During these experiments the writer tried hydrogen sulphide 
as a reducing medium and found that H 2 S reduces both vana- 
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dium and iron but does not reduce the uranium. This afforded a 
.way of determining the vanadium in the presence of the uranium 
but has no advantage over the method of the writer, to be 
described. The H2d» reduction makes it possii)le to determine 
both iron and vanadium in the presence of uranium, in fact to 
determine all three elements.*^ The uranium and iron together 
with the vanadium carried by them can be precipitated by a 
slight exc'css of ammonia; wa.shed with ammonium nitrate 
water; ignited at a low red heat; moistened with cone, nitric 
acid; ignited again at a low red; cooled and weighed as Fe2():i, 
UsOs and some V2(),5 (all of the V20!;, if sufficient of the Fc and U 
be present). The weighed oxides are dissolved in HCI; evapo¬ 
rated with 40 c.c. of 1 : 3 H2S()i to thick fumes; dissolved in 
150 c.c. of water and the vanadium and iron in the mixture 
determim^d as given on page 38, reducing with H2S. The Fe 
and V so found are calculated to the proper oxides and deducted 
from the weight of the total oxides above mentioned and the 
uranium oxide i.s thus obtained by difference. Similarly, U 
and Fe alone can he analyzetl, getting the iron by the H2S 
reduction and the uranium by difference. Also should aluminum 
be present, the total oxides, after being weighed, can be dissolved, 
the solution be divided into two equal parts and one part analyzed 
as above for^the Ve^O-s and V2O5, and the other part analyzed 
for aluminum oxide as given in the method about to be described. 
Deduct twice the Al20;t-1-Fe203+V2O5 found from the weight 
of the total AI2O3-I-U3O8-I-V2O5-)-Fe203, obtaining the UsOs 
by difference. 

The author devised, and tested the following method for the 
determination of uranium in carnotite, ferro-uranium, and steel: 
For carnotite ores containing, as they usually do, from 1 to 4 
per cent of UaOg weigh 2 grams and 3 grams for a check. For 
ferro-uranium do not take over 1 gram, and a half gram for a 
check. Dissolve or extract the samples, first with 100 c.c. of cone, 
nitric acid for an hour. I'fvaporate to ilryness in the casserole, 
uking a porcelain casserole of 4| inches diameter. Take up in 
100 c.c. of cone. HCI, evaporate to 20 c.c., dilute with 50 c.c. of 
water and filter out the insoluble residue consisting mainly of silica. 
Waak with dilute HCI about fifty times. Dilute to 300 c.c.; i»vly 
neutralize with ammonia; and pass H2S in hot solution to re¬ 
move any Mo, Pb, Sn, Cu, As, Bi, or Sb that may be f»eseirt? 
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Filter; wash with H 2 S water, thoroughly, and evaporate the filtrate 
and washings to 20 c.c.; add an excess of chlorate of potassium, 
about 1 gram to destroy the H 2 S, also 50 e.e. of HCI, cone., 
and heat, covered, until all .spraying is efrer and evaporate to 
20 e.e. Transfer to an 800 c.c. beaker; add sodium peroxide 
from a porcelain si)oon to the 3ft0 c.c. solution in the l)eaker, 
until a slight excess is obtained. (It should Im; said that the 
above mentioned in.soluble residue is evaporated with an exces.s 
of HF and 10 drops of cone. IbiSO.i and the remaining residue 
is fused with sodium carbonate; the fu.sion is dis.solved out 
with H(’l and addeil to the main solution in the beaker Ix'fore 
commencing the addition of the sodium peroxide.) When an 
excess of [X'roxide has l)cen added to the sohitioir in the 800 c.c. 
beaker, then 5 grams of ammonium carbonate are added to the 
alkaline solutioti; and 5 grams of sodium carbonalt^ are put in, 
and last of all, 5 grams exc(‘ss of sodium peroxide are added. 
The solution is now just brought to incipient boiling, and imme¬ 
diately removed from the llamc; cooled; paper pulp is added 
and the solution is filtered from the iron through 15 cm. double 
filters into 8(K) c.c. beakers. 'I'he iroiv on the filter is washed 
w th a mixture consisting of 5 grams each of sodium and ammo¬ 
nium carbonates, dissolved in 500 c c. of water. The filtrate 
and wa.shings, which should have a volume of not less than 
400 c.c., are now neutralized with 1 : 1 HCI, aiAed until the 
solution no longer nnmediatedy turns a narrow strip of turmeric 
paper, to the faintest brown. If there be Mumina present to 
the extent of even a half per cent, it will have clouded the solution 
long before the turmeric ci-ases to be alTected by the solution. 
Let the latter stand for at least an hour and then the aluminum 
can 1 x 1 filtered out, and washed with ammonium nitrate as given 
previously (f> grams of the salt to ,500 c.c. of water). 

If the titration with acid is carefully done the filtrate and 
washings will not contain aluminum even though there be in the 
solution the ef|invalent of 0.100 gram of Al. The filtrate and 
washings from the aluminum will contain all of the U and mu6h 
of the V,' if the iron pre.sent does not exceed more than the equiv¬ 
alent of O.ltK) gram of iron. The iron can Ixi dissolved off the 
filter, peroxidized a second time as before and the alkaline titrate 
and washings obtained, keeping them separate from the filtrate 
dand washings obtained from the first peroxidation. These two 
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filtrates and washings are then made entirely acid after the 
removal of the aluminum, and boiled for one hour, or until 
all CO2 is removed from the solution, which will be accom¬ 
plished when there are no longer any more lines, or fine 
threads of bubbles coming up through the solution. Then the 
uranium together with considerable vanadium is precipitated out 
with a slight excess of ammonia. The solution is boiled gently 
for a half hour. If much vanadium is present, the precipitate will 
be more of a green than a yellow; but if much uranium and 
little vanadium be present, then the precipitate will take on a 
bright yellow color, especially after heating for a time. The pre¬ 
cipitate which consists mainly of uranium vanadate is filtered off 
and washed with the ammonium nitrate wash (5 grams to 500 c.c. 
of water). After a few washings, the precipitate is dissolved off 
the filter to get rid of any occluded salts, reprecipitated, and 
washed as before. The precipitate is now ignited in a platinum 
crucible, or a porcelain one if the platinum one is not available, 
and ignited at a low red heat, after the paper has been smoked 
off. The ash is moistened with a few drops of cone, nitric acid, 
and again heated to a low red heat; cooled; and weighed as UaOs 
plus V2O5. The weighed oxides are dissolved * in cone. H2SO4; 
transferred to small casseroles and evaporated low with 50 c.c. of 
HCl. This solution is then evaporated to thick fumes, with 40 
c.c. of 1 ; 3 H2SO4; cooled; diluted with water; filtered from the 
small amount of silica usually present which is washed with 
dilute sulphuric afcid; ignited and weighed; and deducted from 
the UjOs plus V2O5. The filtrate and wasliings from this silica 
contain the vanadium that was precipitated with the uranium. 
Owing to the evaporation with the large excess of HCl, the 
vanadium is now reduced to V2O4. It can bo titrated to a per- 
menent pink with the standard permanganate solution, and the 
vanadium so found is calculated to V2O5 and subtracted from 
the silica-free weight of the above oxides, thus giving the uranium 
by difference. Also the filtrate and washings from the small 
amount of silica can be heated to boiling and permanganate 
solution added cautiously so as to maintain a pink solution 
but not in such excess as to produce a heavy precipitate of 

Do not use HCl at this point, as chlorine would be generated and the 
platinum badly attacked. Use 10 c.c. cone and heal for an hour, 

or until dissolved. 
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manganese oxide as that would make a filtration necessary.* 
The boiling is continued for twenty minutes. If the solution 
still remains pink with perhaps a very slight precipitate of the 
manganese oxide, then it is certain that all*organic matter that 
may have crept in during the anf^ysis is rendered harmless as 
far as affecting the permanganate standard during the subse¬ 
quent titration is concerned. The ferrous ammonium sulphate 
standard is now added to the hot solution until the pink color 
is just removed and any slight cloud of precipitated mangane,se 
oxide is also dissolved, leaving the solution perfectly clear. The 
solutions of the tests are now cooled, and an excess of the per¬ 
manganate standard is added to all of them. Then one of them 
is titrated drop by drop with the sulphate standard until three 
drops at room temperature give but a faint pink that remains 
practically unchanged for one minute. This is the starting 
point of the titration with the ferrous ammonium sulphate 
standard. The volume .should now be not over 200 c.c. Add 
2j c.c. of the ferricyanidc indicator (.5 grams of the salt dissolved 
in 130 c.c. of water) and then the ferrous ammonium sulphate 
standard with vigorous stirring until three drops change the 
dark green color that forms to a distinct blue, i.e., to the first 
real blue. The number of e.c. of the sulphate standard required 
to produce this blue, after the addition of the indicator, mul¬ 
tiplied by the vanadium value of the .sulphate gives the van.adium 
that was carried out with the uranium. It is 5 ;alculaled to V 20 ,'s 
and the uranium is thus obtained by difference. The UsOg 
so found can be calculated to metallic U by the factor 0.8482. 
To standardize the permanganatt! and sulphate standards for 
vanadium, it is convenient to weigh 0.08 and 0.04 gram of 
vanadium pentoxide of known purity into small ea.sserolcs; 
dis.solve in 60 c.c. of cone. HCl; evaporate low; fume with 40 c.c. 
of 1 ; 3 H 2 SO 4 and carry through all of the operations leading 
up to the titration with KMn 04 and the final titration with 

* Of course there is no objection to boiling with an excess of the manga¬ 
nese oxide except the extra operation involved. Indeed the author has had 
cases where, owing to carbonaceous matter having gotten into the work, 
probably by extraction from filter papers, or mechanically, it was deemed 
advisable to boil with an excess of permanganate sufficient to produce a 
precipitate that remained even after a half hour of boiling. This brown oxide 
is filtered out through a porous thimble and the vanadium titrated exactly 
as described on page 22. 
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the sulphate. This will give the blank to deduct from each 
method of titration of the vanadium. 

For checking methods and manipulations the writer used 
c.p. uranium nitratb and uranium acetate U 02 (N 03 ) 2 + 6 H 20 
and U 02 (C 2 H 302 ) 2 + 2 H 20 , respectively. 

A mixture that approximates to the general run of carnotite 
ores of the Colorado mines is 0.100 gram of uranium nitrate, 
0.100 gram of the Sibley iron ore standard; 0.050 gram of 
aluminum, and 0.040 gram of V2O5. (The latter can be obtained 
of 99.5 per cent V 2 O 6 .) As a further check, the author often 
runs a mixture of double the above amounts of uranium salt, 
the oxide of vanadium, and iron ore. These mixtures are put 
through all of the operations described. 

Calculations .—For the benefit of those who wish to try the 
reduction with aluminum to check the purity of uranium nitrate, 
or who may wish to assay uranium obtained from a source that 
is free of vanadium, the method in general is to convert to sul¬ 
phates, and heat in cone flasks in the presence of an excess of 
from 20 to 30 c.c. of cone. li 2 S 04 diluted to 100 o.c. with water. 
A coil of 18 gauge aluminum wire of inch diameter and about 
7 inches long * is placed in the solution, and the latter is heated 
to nearly boiling for two hours with a stream of purified CO 2 
passing through a perforated watch glass into the cone flask 
to prevent the entrance of air. The (^02 is generated by the 
action of HCl (1 :,.l) on marble and passes through a wash bottle 
containing an inch of water and then through another bottle 
containing a similar depth of a saturated solution of sodium 
carbonate. After the two hours’ reduction, the solution is cooled 
with CO 2 passing, and when cold the aluminum coil is removed 
and the solution is titrated with N/40 KMn 04 to a slight per¬ 
manent pink. A blank is also run at the same time and deducted. 
A solution of N/40 should equal 0.00298 gram U per c.c. The 
equation is 

2KMn04+5U02(S03)2+2H20 = 

2 KHSO 4 -|- 2 MnS 04 d-SUOaCSOs) d-H 2 S 04 . 

The permanganate is standardized with sodium oxalate 
(see page 20). 


• See Photo No. 30. 
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By the above equation we see that 2 gram molecules of KMn04 
equal 5 gram atoms of U. On page 463 it is explained that 
i of the gram molecule of permanganate constitutes its normal 
solution when dissolved in a liter volume. Hence, 2KMn04 = 5U, 
5U 

or KMn04=—, so that of the gram molecular weight or 

normal KMn04 would equal i the gram molecular weight of 
uranium or 119.25 grams of U. Therefore 1 c.c. of the N/40 

KMn04 is equal to o'" 0.00298 gram of U. Having found 

by titration the value of the permanganate standard per c.c. in 
sodium oxalate as given on page 20, the following give the values 
of the N/40 permanganate in U, V, and Fe. 

The value of N/40 KMn04 per c.c. in gram of sodium oxalate 
238 5 

multiplied by £3!“ equals its value in gram of U per c c. 


by 


102.0 

i3r 


equals its value in gram of V per c.c. 


by —equals its value in gram of Fe per c.c. 

The percentage of uranium in uranium nitrate is 47.45. 

The percentage of uranium in uranium acetate is 56.17. 

The percentat^p of uranium in uranoso-uranic oxide (UsOs) is 
84.825. 

The percentage of vanadium in vanadium pentoxide is 56.04. 

From a standardization as above, the author, for example, 
found that 1 c.c. of N/'40 KMn04 equals 0.00167 gram of sodium- 
oxalate. 

1 c.c. of N/40 KMn04 equals 0.00297 gram of uranium. 

1 c.c. of N/40 KMn04 equals 0.001276 gram of vanadium. 

The following are the calculations for an actual analysis of a 
mixture: 0.100 gram of uranium nitrate crystals, 0.100 gram of 
the Sibley iron ore standard, 0.05 gram of metallic aluminum, 
and 0.040 gram of V2O5 of 99.5 per cent purity were put through 
all of the operations in the method as described and the following 
analytical data were obtained: 

(1) 58.8 c.c. of sulphate were required to remove all pink 
and brown tints from 60 c.c. of the KMn04 standard (N/40) 
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placed in a beaker with 40 c.c. of 1 : 3 sulphuric acid and 200 e.c. 
of distilled water. As 1 c.c. of the N/40 KMn ()4 was found 
equal to 0.001270 gram of V then 1 c.c. of tjie ferrous ammonium 
sulphate standard is equal to 0.001276 X 00 divided by 58.8 or 
0.0013 gram of V. • 

(2) The U 3 O 8 +V 2 O .5 obtained, in the course of the analysis, 
from the above mixture weighed 0.076 gram after deducting 
0.0014 gram of silica found in it on dissolving in HCl. 

(3) Beginning at the point where the UaOg plus V2O5 were 
dissolved in HCl; evaporated with 40 c.c. of 1 : 3 H 2 SO 4 to thick 
fumes, etc., 0.020 and 0.040 gram of the V 2 O 6 , alone, were put 
through all of the subsequent operations and the vanadium 
therein was titrated with the sulphate standard as already 
described. The 0.020 gram required 10.1 c.c. of the sulphate to 
produce the blue end-point, and the 0.040 consumed 18.8 c.c. 
(Blank and all.) The 0.020 gram of VaO.-, contains 0.020 X 0.995 
X 0.5604 =0.01116 gram V. Now we saw by (1) that the sul¬ 
phate standard has a value of 1 c.c. equals 0.0013 gram of V, 
hence the sulphate required to unite with the vanadium present 
will equal 0.001115 divided by 0.0013 or 8.6 c.c. This gives 
10.1 c.c. minus 8.6 c.c. or a blank of 1.5 c.c. to be deducted 
from all tests. 

(4) The V 2 O 6 in (2) was determined in like manner and found 
to require 9.5 c.c. of the .sulphate. VVe have just seen that the 
calculated blank is 1.5 c.c., therefore the gctual V in (2) re¬ 
quired 9.5 minus 1.5, or 8 c.c. Then the V 2 O 5 in (2) is equal to 
0.0013X8-^0.5604 or 0.0185 gram. Hence the UsOa in (2) equals 
0.076- 0.0185 or 0.0575, which is equivalent to 0.0487 gram of 
uranium. The uranium contained in the uranium nitrate taken 
equals 0.100X 0.4745 or 0.04745 gram of uranium. This gives 
an excess of 0.0012 gram of U found, which was in all probability 
due to the presence of a little A1 that was not removed by the 
neutralization with the 1 : 1 HCl. The author would recommend 
that the operator exercise great care in the neutralization. The 
acid should be added until, as already stated, a narrow strip 
of turmeric paper dipped into solution does not show any more 
change than a similar strip dipped in water. It is also advisable, 
for close work, to allow the neutralized solution to stand for 
twelve hours before filtering out the aluminum hydroxide. 

It must be remembered that when a very large quantity of iron. 



36lj> determination of uranium in ferro-uranium 

for instance 0.400 gram of iron, is to be separated from mucli ura¬ 
nium, say about 0.200 gram of U and 0.100 gram of Al, then at 
least three peroxidatitjns will be required, made a.s described under 
carnotite, to remove all of the U and Al away from the iron. 
Then when the Al i.s separated from the U by the acid precipi¬ 
tation, the Al is almost certain to carry out with it 2 or 3 mgs. 
of UaOs. This latter can be removed by redissolving the Al in 
the hot 1 : 1 HC.4; the solution of the Al is treated with an excess 
of sodium peroxide, i.e., the peroxide is added to it in a liter 
boiling flask to strong alkaline reaction; then add 5 grams each 
of sodium carbonate, and ammonium carbonate, and 5 grams 
sodium peroxide. Bring just to the boil; cool ami precipitate, as 
already described, to the turmeric neutral point with 1 : 1 HCl; 
let stand for twelve hours and filter out the Al w'hich will now be 
free of U. The filtrate from the Al is made acid; boiled until 
free of CO 2 ; and the f.nall amount of U is precipitated with 
ammonia in slight excess, boiling gently for thirty minutes. 
The U is filtered out; and added to the main portion of the 
U before it is prc(4pitatcd with ammonia the first time. 

Most ferro-uranium and ferro-uranium-vanadium-aluininura 
alloys will dissolve in a mixture of HCl and UNO.), but the author 
analyzed one such alloy that contained 15 pt^r cent of silicon 
that could be decomposed only by fusing it twice with sodium 
peroxide. The following results attest the accuracy of the 
method: 


I'm niniii 

Afltlod 

I'raniiiiii 

Found 

1 rraniiim 

1 A.l.lrd 

1 rariiiiin 
Found 

Gram 

Gram 

i 

Crrani 

CJriim 

0 047 

0 048 

i 0 071 

0 0729 

0 047 

0 047 

1 0 047 

0 0468 

0.094 

0.0948 

! 0,094 

0.09,50 


Determination of Uranium in Steel 

The feature of the following method is to remove the bulk 
of the iron from the uranium, zirconium, and aluminum 
by fractional precipitation by ammonia. The analysis can 
Reprinted from the author's paper in Chem. and Met. Eng., May IS, 

1919. 
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then be proceeded with in a simple and accurate way. The 
separation of the bulk of the iron is based on the fact that 
when ammonia is added to iron in the* ferrous state the 
unoxidized iron is first converted to double sulphate of ferrous 
iron and ammonium and remains»in solution. By adding the 
ammonia very s'owly with constant stirring a [X)int in the 
neutralization is icached where a slight reddish precipitate 
forms. On the addition of a few drops more of ammonia this 
reddish precipitate darkens. At this stage all the aluminum, 
zirconium, uranium, etc., is preciiritated, while !)9 per cent 
of the total iron remains in solution as double sulphate 
and is removed by filtration. By actual test with 10 grams of 
plain steel to which uranium salt was addc'd, over 99 per cent of 
the iron remained in solution. 

Uranium in Plain Steel.—Dissolve on a low flame .5 grams 
of drillings in 50 c.c. 1 : 5 sulphuric acid diluted with ,5t) c.c. of 
water, using a 600 c.c. Ix'aker. For steel containing less than 
0.1 per cent uranium use 10 grams of sample. When action is 
over, filter off the insoluble n'sidue, which is mainly carbide, 
and wash it twenty-five times with dilute .sul])huri(^ wash (25 c.c. 
of 1 : 3 H 2 SO 4 diluted with water to 600 c.c.). ('all this filtrate 
and washings A. The insoluble residue may contain U, so it 
must be ashed in a platinum crucible at a low heat; cooled; 
6 c.c. of HF plus 6 c.c. of 1 : 3 sulphuric acid added; evaix)rat{!d 
to thick fumes of SOa; cooled; a little watei*added; heated to 
dissolve the sulphates and the clear solution is added to A. 
Then dilute to 250 c.c. volume with water and add I : 1 ammonia 
with constant stirring until a slight precipitate forms. I’hen 
continue to add ammonia drop by flrop until the precipitate 
just begins to take on a blackish tint. At this stage all the 
uranium has been precipitated with otily a small portion of the 
iron. 

To assure a complete precipitation of the uranium add 
about 10 more drops, but do not exceed 10 drops, as excess 
ammonia only brings down a greater bulk of the iron. Filter 
off the precipitate at once on a double 15 c.c. filter paper and 
redissolve it in 50 c.c. 1 : 1 H(d. First warm up the acid in the 
beaker to dissolve any iron that sticks to the sides; then pour 
. the hot acid on the precipitate, catching the filtrate in a 600 c.c. 
beaker. Pour hot filtrate on the filter two or three times until 
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all the iron is in solution. Wash the filter paper about twenty- 
five times with dilute HCl wash (1 : 40). Now peroxidize the 
filtrate and washingfj. by adding slowly, with a porcelain spoon, 
about 1 gram of sodium peroxide at a time. After each addition 
wash off the sides of the beaker with water and stir the solution 
well. Keep on peroxidizing until all the iron is precipitated 
and the solution is alkaline when tested with red litmus paper. 

Now add about 5 grams of sodium carbonate and 5 grams of 
ammonium carbonate to keep the uranium in solution. Stir 
well and bring it just to a boil. Filter off the iron and wash 
it about twenty-five times with sodium and ammonium car¬ 
bonate wash (2 grams of Na 2 CO,^ and 2 grams of (NH 4 ) 2 C 03 
dissolved in 600 c.c. of water). To the filtrate which contains 
all the uranium add 1 : 1 HCl with stirring, till solution no longer 
turns turmeric paper even a faint brown, but still reacts alkaline 
when tested with red litmus paper. Keep the beaker covered 
when adding the acid, as the effervescence is very strong, espe¬ 
cially toward the end of the neutralization. Boil off the CO 2 
and then add slowly with .stirring (keeping the beaker covered) 
1 : 1 HCl till the solution is slightly acid. No more effervescence 
at this stage, but the acid falls down to the bottom of the beaker 
without action. 

Boil the acid solution for half an hour to remove CO 2 and 
after it has been cooled add 5 grams of ammonium phosphate, 
(NH 4 ) 2 HP() 4 ; stii till dissolved; then add 1 : 1 ammonia till 
it smells ammoniacal and add 1 : 1 acetic acid till the solution 
is acid; now add 5 c.c. acetic acid in excess. The acetic acid 
keeps the chromium and vanadium in solution. Chromium 
does not interfere with the uranium titration, but vanadium 
interferes greatly. 

After a few hours, filter off the uranium and wash it about 
forty times with acetic wash (5 c.c. of ammonium phosphate, 
10 c.c. 1 : 3 H 2 SO 4 diluted with 100 c.c. of water, stir till dissolved, 
make it slightly ammoniacal and then acid with acetic acid 
6 c.c. in excess. Dilute with water to 600 c.c.). Redissolve the 
uranium in 50 c.c. hot 1 : 3 H 2 SO 4 by pouring the hot acid back 
and forth two or three times on the precipitate, catching the 
filtrate in a 400 c.c. beaker. 

Wash the filter paijer about thirty times with dilute H 2 SO 4 
water. In high vanadiun} steel it is better to test for vanadium 
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by adding 5 c.c. of H 2 O 2 to tlie solution and noticing whether 
it changes to brown; if it docs, repeat the ammonium phos¬ 
phate precipitation to remove the vanadium. If the solution 
does not change in color, bring it to a biil; then add several 



Fia. 31. 

drops of KMn 04 until a pink color is formed that will not fade 
after fifteen minutes’ boiling. Cool the oxidized solution to room 
temperature. Now reduce the uranium by passing it slowly 
through a zinc reductor, Fig. 31, and immediately titrate the 
reduced solution with a standard KMn 04 solution to the first 
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appearance of pink that spreads all through the solution. If there 
is any vanadium in the solution at this .stage the pink will 
disappear in about five se('ond.s instead of holding one minute. 
Any more pcrmanganati! added that disappoiirs after five seconds’ 
standing is due to vanadiutij that has been carried over as 
phosphate. 

Jones Redactor.—The column of zinc in the rediictor, Fig. 31, 
rests on a J-inch plug of glass wool. The zinc coluitin is 5^ 
inches long by i inch in diameter consisting of 30-me.sh grains of 
amalgamated zinc. The amalgamation is ticcomplished by 
.stirring the 30-mc.sh zinc under a covering of mercuric chloride 
solution made by dissolving 50 grams of llgC F in lOOO c.c. 
of water. The zinc after amalgamation is washed with distilled 
water Ity decantation in a Iteaker until free of excess mercuric 
chloride, when it is ready for use. 

A trap jar is placed between the filtering flask anil the suction 
to prevent back pressure which would carry water over from 
the suction pump into the flask which holds the filtered, reduced 
solution of uranium. The volume of the uranium solution to bo 
reduced is about 50 c.c. This is passed through reductor slowly, 
i.e., at the rate of 50 c.c. per ten minutes. 

After passing the solution through the reductor, wash the 
zinc with dilute H 2 S ()4 (1:6) three times, 10 c.c. each time, 
and then thiw times more with 10 c.c. of watiT each time; drawing 
off each washing njimpletely before adding ni'xt washing. The 
volume before titrating is about 100 to 110 c.c. 

For convenient calculation 2.29 grams KMnOj are dissolved 
in distilled water and diluted to 4 liters 

1 c.c. KMn04 standard = 0.002109 gram U. 

1 c.c. KMn04 standard = 0.001014 gram Fe. 

The standard KMn 04 can be checked for its uranium and iron 
value by titrating it against sodium oxalate. 

Uranium in Chrome-Tungsten Steel 

Dissolve 5 grams of steel in 50 c.c. of 1 : 3 H 2 SO 4 diluted 
with 50 c.c. of water; after action is over, filter off the insoluble 
residue and dilute the filtrate to about 250 c.c. volume with ' 
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water. Now add 1 : 1 animonimn with constant stirring until 
the precipitate at first takes a reddish tint, next changing to a 
blackish and finally to a bhiisli-whitish. A|. this stage add nlwut 
2 c.c. of ammonia with stirring to complete the precipitation of 
all the uranium in the filtrate wi^li only a small portion of the 
iron. Filter it off at once and finish as in i)lain uranium steel. 

The insoluble tungsten and chromium caiiiide residue on 
the filter was found to contain some of the uranium. Wash it 
off the filter paper with dilute sulphuric acid into the original 
beaker, heat it, and then oxidize it with .'it) c.c. of 1.20 nitric acid. 
Keep on heating on a low flame until the residue is bright yellow. 
Filter off the tungsten, wash it about twenly-fivi' tunes with 
dilute H2SO4 wash; and iM'roxidize the fillrale with .sodium 
peroxide to separate the uranium from tlu' iron. Catch the 
uranium filtrate from the main iK'ioxidalion and that from peroxi¬ 
dation of the insoluble residue in thi' same SOO c.c. beaker and 
finish as in plain steel. 

A variety of mixtures were tesfed by adding different portions 
of uranium acetate (50.13 per cent U). The re.sults are given 
below: 


TABLE SHOWINO UHANfUM ADtlEt) AM) FOUND 
TO 10-GftAM SA.Ml'LE OF FL.\IN .STEEL 


Athlutl. 

(])nin riiiiiiiiin 

(ii.iii) \ niiiuiiii 

0 0112 

0 01 HI 

0 0143 

0 01 i.'i 

0 0108 

0 0100 

0 0280 

0 

0 0.501 

0 0.573 

0 00.50 

0 (H).5.5 

0 0084 

0 008.) 


Ten grams of plain carbon stool —no uranium added. 

KMnO, 1 2 c.c. reading of liurotto after titration. 

KMnO, 0 0 c.c. reading of burette before titration. 

KMnO, 1 2 c.c. = blank winch is deducted. 

UraiiiJ/n, chromium and iron mixture, chromium added a.s KjCrjO, to 
10-gram sample of plain steel before dissolving same in HtSO*. 
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TABLE SHOWING URANIUM ADDED AND FOUND 
TO 10-GRAM SAMPLE OF STEEL 


• Added. 

Gram 

Found, 

Gram 

0 0056 ' 

0 0057 

0.0084 

0 0085 

0.0280 

0 0286 

0 0561 

0 0558 


TABLE SHOWING URANIUM ADDED AND FOUND TO 5-GRAM 
SAMPLE OF TUNGSTEN, CHROME, VANADIUM STEEL' 


Added. 

Gram 

Found, 

Gram 

0 0112 

0 0113 

0 0280 

0 0278 

0 0.'>61 

0 0575 


Five grams—no uranium added. 

1 8 c.c. reading of burette after titration. 

0 0 c.c. reading of burette before titration. 


1 8 c.c, = blank which is deducted. 

About 80 per cent of the iron is removed by ammonia pre¬ 
cipitation in the filtrate when large amounts of carbides of 
tungsten, chrome,rand vanadium are present, as was found by 
actual test. The bulk of the 20 per cent of iron that remains 
to be separated by peroxidation is found in the carbide residues 
of these steels. 
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Part II 

THE DETERMINATION OF VANADIUM IN SANDSTONES CONTAIN¬ 
ING CARNOTITE, ROSCOELITE, AND CALCIUM VANADATE, 

ETC. 

(A) If the sandstone contains about 3 per cent V then take 
3 grams of the finely powdered ore, and 4 grains for a check 
analysis. Treat the ore in a porcelain-handled casserole, and 
extract it with 100 c.c. of cone. HNO 3 for a half hour, just 
below boiling, with frequent stirring. Then remove the cover 
and evaporate to dryness. In the same manner extract this 
residue with 50 c.c. of cone. HCl, heating with the cover on 
until all red fumes are gone. Now remove the cover, and evapw- 
rate low. Add 50 c.c. of 1 ; 1 sulphuric acid and evaporate to 
heavy white fumes to remove the HCl. Cool. Add 50 c.c. of 
water; stir, heat, cool; filter off the insoluble residue and wash it 
with dilute sulphuric acid water. Dilute the’ filtrate and wash¬ 
ings to 200 c.c., boil with permanganate and finish the deter¬ 
mination as given on page 14. 

(B) If the chemist wishes to reassure himself that even the 
last traces of vanadium have been extracted from the ore, he can 
burn off the insoluble residue obtained above in an iron crucible 
and fuse with 10 grams of peroxide of .sodium. The fusion is 
kept just molten for two minute.s. The melt is then dissolved 
out in the manner described on page 184 under Chromium in 
Chrome Ore. The sulphuric acid solution is filtered from any 
iron scales and the filtrate and washings are then analyzed for 
vanadium as above, and any vanadium found is added to that 
gotten in the main solution. 

It is well for the operator to put a known amount of vanadium 
through all of the operations described in (A) to get the vana- 
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dium value of the standards for this method. Ferro-vanadium 
of known vanadium content is decidedly the best for the manip¬ 
ulation under (A). For (B) vanadic acid {V 2 O 6 ) of known 
purity is much the best source of V. 

Almost any ore of vanadium can lx; accurately assayed for 
vanadium by the combination of (A) and (B). The sulphide 
ore of vanadium (Patronito) should first have the sulphur roasted 
out of it at a low heat, when it (tan be analyzed according to 
(A) and (B) or the ash can be fused according to (B) alone. 


Analysis of Pitchblende from Joachimtiial, Austria 

Uranium.—0..50 gram of the finely powdered mineral was 
dissolved in 30 c.c. of 1.20 nitric acid, heating until nothing but 
a white residue remained; took dry; acidulated with 100 c.c. of 
1.20 hydrochloric acid, heating until all but silica was dissolved. 
Filtered; washed; took filtrate and washings again dry; took 
up as before; filtered; washed; ignited; weighed and finished 
for silica. The two filtrates and washings from the silica were 
combined and precipitated with ammonia for iron and alumina; 
the iron and alumina were filtered out; redissolved; washed; 
and the filtrate and washings were finished as in clay (see pages 
408-409) for iron and alumina. The filtrates and washings from 
the two precipitations of the iron and alumina were blue, due to 
the presence of copper. The lime and magnesia in these filtrates 
were obtained therefrom as given on pages 409-410. 

The ammonia precipitate of the iron and alumina contains 
all of the uranium also. This precipitate was analyzed for iron, 
alumina, uranium, and vanadium by the methods described on 
pages 363 to 362. 

The copper was found on a separate portion after dissolving 
the ore as described and passing H 2 S through the very slightly 
acid solution until it is thoroughly saturated in hot solution. 
The copper sulphide was dissolved by warming it in 1.20 nitric 
acid until all black substance was dissolved. The solution was 
then evaporated to thick fumes and the lead was filtered out 
as sulphide; washed and finished as described for lead in tungsten 
ores (see page 105). The copper in the filtrate from the lead 
was finished by cyanide titration as given on pages 205 to 207. 
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extract it with 100 c.c. of cone. HNO 3 for a half hour, just 
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and evaporate to dryness. In the same manner extract this 
residue with 50 c.c. of cone. HCl, heating with the cover on 
until all red fumes are gone. Now remove the cover, and evapw- 
rate low. Add 50 c.c. of 1 ; 1 sulphuric acid and evaporate to 
heavy white fumes to remove the HCl. Cool. Add 50 c.c. of 
water; stir, heat, cool; filter off the insoluble residue and wash it 
with dilute sulphuric acid water. Dilute the’ filtrate and wash¬ 
ings to 200 c.c., boil with permanganate and finish the deter¬ 
mination as given on page 14. 

(B) If the chemist wishes to reassure himself that even the 
last traces of vanadium have been extracted from the ore, he can 
burn off the insoluble residue obtained above in an iron crucible 
and fuse with 10 grams of peroxide of .sodium. The fusion is 
kept just molten for two minute.s. The melt is then dissolved 
out in the manner described on page 184 under Chromium in 
Chrome Ore. The sulphuric acid solution is filtered from any 
iron scales and the filtrate and washings are then analyzed for 
vanadium as above, and any vanadium found is added to that 
gotten in the main solution. 

It is well for the operator to put a known amount of vanadium 
through all of the operations described in (A) to get the vana- 
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Part I 

QUALITATIVE AND QUANTITATIVE TESTS FOR COBALT AND 
NICKEL IN STEEL AND METALLIC COBALT 

Dissolve 0.500 gram of drillings in a mixture of 30 c.c. 1.20 
HCI and 30 e.c. of cone, nitric acid. Heat until the insoluble 
residue is bright yellow if tungsten is pre.sent. Filter on a 
double 11 cm. filter; wash free of iron with 1 : 10 HCI. Make 
one basic acetate separation as in the gravimetric method; filter, 
wash a few times with acetate wash. Evaporate the filtrate and 
washings, if necessary, to 200 c.c. Now warm the solution with 
a drop or two of ammonia to see if any small amount of iron 
separates out. P'ilter again, as iron interferes with cobalt test, 
and wash a few times with ammonia wash; add an excess of 
dimethylglyoxime to the ammoniacal filtrate. If only a brown 
coloration results that does not turn to a scarlet precipitate, then 
cobalt is present. If a scarlet precipitate forms at once or in 
a few minutes then nickel is present (see Brunck’s method for 
nickel). 

If on filtering off this scarlet precipitate, after one hour’s 
wait the filtrate is brown in color, then cobalt is also present. 
0.25 per cent of cobalt in 0.500 gram of steel gives a very distinct 
brown color. The author would suggest this for a color method 
for small amounts of cobalt. If only a slight brown coloration 
forms on adding the “dimethyl” then several hours should elapse 
before making a decision, as a small amount of nickel, at first, 
gives only a brown coloration which eventually changes to a 
small scarlet precipitate. 

If a per cent or two of cobalt is present then the acetate filtrates 
will show a pink coloration which is in itself a sure proof of the 
presence of cobalt; i.e., before any “dimethyl” is added. This 
pink color looks exactly like a weak solution of KMn 04 . 
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Qualitative Test fcr Cobalt in Steel in the Presence 
OF Nickel, Iron, Chrome, etc. 

Dissolve 1 pram in nitric acid or in tlic liefore mentioned 
mixture of nitric and hydrochlorii; acid; boil down to 20 c.c.; 
add an excess of ammonia. Hcdissolve in glacial acetic acid; 
add a large excess of potassium nitrite and in a little time a 
yellow precipitate of potassium cobaltic-cyanide will separate out, 
and look very much like the yellow precipitate obtained with 
molybdate solution, in phosphorus analysis. 

To prevent frothing add some alcohol immediately after 
putting in the potassium nitrite. 

Gravimetric Method for Cobalt .—In steels either in presence 
or absence of tungsten, motybdenim, vanadium, and ehrnminm. 

Weigh 1 gram and .500 mgs. of sample and transfer to No. .5 
porcelain dishes. Dissolve each in a mixture of 30 c.c. cone. 
HCl and 30 c.c. cone. IINO.i. When frothing is over, place 
over moderate flames on graphite baths and heat for alamt 
one hour, or until re.siduc in dish is of a clean bright yellow 
color. Rinse off cover glasses and sides of dishes with water, 
then add 100 c.c. cone. HNO.i and take to’ dryness, lowering 
flames to avoid loss from spuiting when contents of dishes 
are nearly dry. (This is conveniently accomplished over¬ 
night.) 

Bake over a bare flame or much lietter inj,an electric muffle 
furnace (see page 119) until nitric fumes are driven off. When 
sufficiently cool to prevent cracking the di.shcs, add 40 c.c. cone. 
HCl, and with cover gla.s.s on, digest for thirty minutes, or until 
all soluble constituents are in solution; boil to volumes of alwut 
25 c.c.; dilute with water to about 100 c.c.; and cvaixrrate to 
about 75 c.c. 

Rinse off cover gla.sses into dishes, add pulp, filter on double 
11 cm. filters into 600 c.c. beakers. Wash precipitate, until 
free of iron, with a 1 : 10 H(-l wash, f^et aside filtrate which 
contains the bulk of the cobalt. 

Treatment of the Preci]ntate.—Hmn off in clean platinum 
crucibles to yellow powder, using nii'kel wire to break up hard 
particles. Weigh when cool, add 2 or 3 drops H2S()4 and 10 c.c. 
hydrofluoric acid and drive off the SiF4 in a moderately warm 
muffle. When dry remove any outside dirt from crucible with 
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damp cheese-cloth, drive off SO3 fumes with aid of a Bunsen 
or Chaddock burner flame, heating finally to redness; cool, 
weigh. Loss in weight repre.sents Si 02 , which, multiplied by 
49.63, gives silicon. C'alculate to percentage. 

To contents of each crucit>lo add 8 grams Na 2 C 03 . Fuse with 
lids on for fifteen or twenty minutes. I^et cool slightly and 
extract the melts with hot water in platinum dishes. When salts 
are in solution, which should not require more than ten minutes 
heating, remove the crucibles and rinse them thoroughly with 
water into dishes so that they contain no carbonate. Filter on 
double No. 9 cm. filters. Discard this filtrate. Wash precipitate 
with water until free of alkali to phenolphthalcin. Burn off 
in same crucibles in which fusions were made. Weigh when 
cool. 

Differences in weight between the final silicon-free weight and 
this one represents WO.i, which, when multii)lied by 0.7931, gives 
tungsten. To the final residue in the crucible is adtk'd 10 c.c. 
cone. H(''I and the crucible is heated gently until contents arc 
dissolved. 

Transfer dissolved content of each crucible to its respective 
beaker which contains the main cobalt filtrate. Total cobalt 
is now in 600 c.c. beakers. 

Nearly neutralize with ammonia. Dilute to about 400 c.c. 
with water. Heat to 80° C. and pass H 2 S through for twenty 
minutes or until, precipitate separates out distinctly. Remove 
and let settle for at least one-half hour. Filter on double 11 cm. 
filters into 600 c.c. beakers, washing precipitate with H 2 S wash 
(2 drops 1 : 1 HCI, 500 c.c. water, saturated with H 2 S). 

Precipitate contains M 0 S 3 and other metals that arc precipi¬ 
tated in acid solution. Ignite the sulphides at a low reddest 
heat in porcelain; weigh; extract with ammonia and filter; wash 
with filtered ammonia water and again weigh. Loss in weight 
is M 0 O 3 , of which 66 f per cent is molybdenum. 

Filtrate from Sulphides .—Concentrate to about 50 c.c., add 
50 c.c. cone. HCI, then 1 gram KCIO3 and concentrate to 30 c.c., 
keeping covered until all fumes of chloric acid are gone to pre¬ 
vent loss by spraying. Dilute to 150 c.c., add 50 c.c. cone. 
HCI, and evaporate to 50 c.c. volume, to remove, entirely, the 
free chlorine. Finally, dilute to 300 c.c. with water, add ammonia 
until a faint cloud forms that will not stir out. Then add 20 c.c. 
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and 10 c.c. of ammonium acetate to the 1 gram and 500 mga. 
weights respectively. (2 c.c. = 1 gram ammonium acetate.)* 

Put on Argand burner stove and allow them to boil for about 
two minutes. Remove from fire; allow acetflb's to settle; filter 
through double 15 cm. filters into (iOO e.e. Ix'akers that have 
teen previously boiled out with dflute HC'l. Wash precipitate 
fifteen or twenty times with acetate wa.sh. Set aside filtrates. 
Dissolve precipitate in 50 c.c. H('l (1 ; 1 ) by heating and pouring 
back and forth several times, then washing filter free of iron 
with 1 ; 10 HCl wash. Make a second basic acetab' separation, 
using 15 c.c. and 8 c.c. of ammonium acetate re.six>etively for 
the 1 gram and 500 mgs. weights. Filt(‘r into GOO c.c. bi'akera 
and wash as te'fon'. 

The Combined Acetate Filtrates .—If these filtrates contain 
much cobalt they will be pink. Heat to boiling; make faintly 
ammoniacal; add 5 c.c. of 1 : 1 ammonia in excess and last of 
all 50 c.c. saturated solution of microcosmic .salt. Stir vigorously, 
otherwise bumping may break beakers. A blue precipitate 
forms which continuous stirring changes to a crystalline grape- 
colored precipitate that setth's rapidly, leaving a water-white 
supernatant liquid. Filter on 11 cm. filters into clean liter 
beakers, washing precipitates with water cotdaining 4 c.c. 
ammonium acetate, until free of chlorides, testing a few drops 
of the acidulated washings with silven- nitrate solution. Burn 
olT precipitates in weighed platinum crucibles over low flame 
at first, then increase to bright red heat; brnik up lumps with 
a nichrome or platinum rod. Cool, and weigh as colralt, nickel, 
and manganese pyrophosphates and a little Si ()2 (C). Deter¬ 
mine manganese in a separate portion by sodium arsenite titra¬ 
tion, calculate to Mn 2 P 207 and deduct. Dissolve contents of 
crucibles with (1 : 1) HCl; filter; wash with 1 : 10 H('l, then 
with water; burn and weigh small amount of silica and deduct 
from (C). The remainder is C 02 P 2 O 7 , of which 40.39 per cent 
is Co. 

The filtrates and washings from the phosphates of Co, Ni, 
and Mn usually contain a little Co and most of the Ni, etc., 
which are removed by saturation with H 2 S in hot solution as 
follows; Heat the latter to 70° or 80° C., pass H 2 S through for 

• Use an ammonium acetate solution that has been made neutral, or very 
faintly alkaline with ammonia. 
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about thirty minutes. Black CoS and NiS are precipitated. 
Filter on double 11 cm. filters and wash about fifty times or 
until free of salts with water containing 2 grams ammonium 
acetate and saturat*ed with H 2 S. Burn off and weigh as CoO, 
of which 78.66 per cent is Co. ^ Add this cobalt to that found from 
phosphate precipitation to get total cobalt. Deduct the Ni 
found on a separate portion. 

The gravimetric method for cobalt powders and ferro-cobalt 
is the same as in Co steels except that but 0..5 gram is taken 
for the Co detennination. 


Volumetric Method for Cobalt in Steel 
(Preliminary Remark.s) 

Cobalt cannot be titrated quantitatively with KCN, exactly, 
as nickel owing to interfering reactions that take place. If the 
attempt is made to titrate cobalt alone with cyanide and silver 
a black precipitate forms that obscures the end-point. This is 
due to the formation of silver cobaltic-oxide. 

The author, after several months of experimenting, found that 
by the use of tartaric acid and by always having not less than 
1 gram of iron in .solution per 0.1 gram of flo and by strict 
adherence to the following details, titrations, even up to 100 mgs. 
of cobalt, can be made with accuracy. Dissolve 0.8 gram and 
1.0 gram of the steel in 40 c.c. of 1 ; 3 sulphuric acid; add 15 c.c. 
of 1.20 nitric acid and digest the steel, if tungsten be present, 
until the latter is bright yellow; cool; add 12 grams of tartaric 
acid; dilute to 100 c.c.; add 90 c.c. of 1 : 1 ammonia; drop in a 
piece of litmus paper and then drop in 1 : 3 sulphuric acid from 
a burette with great care, until the litmus paper just turns 
from a blue to a red; then add exactly 4 c.c. of 1 : 1 ammonia 
in excess and no more, before titration with KCN. 

The author uses c.p. cobalt powder for standardizations. 
Its purity can be checked by the phosphate method as given 
for steels. Nickel in cobalt steels and metals is determined by 
Brunck’s method. 

It is extremely important to have the excess of ammonia in 
all tests and standardization mixtures as nearly alike as possible. 
Varying amounts of free ammonia cause discordant results, 
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and 10 c.c. of ammonium acetate to the 1 gram and 500 mga. 
weights respectively. (2 c.c. = 1 gram ammonium acetate.)* 

Put on Argand burner stove and allow them to boil for about 
two minutes. Remove from fire; allow acetflb's to settle; filter 
through double 15 cm. filters into (iOO e.e. Ix'akers that have 
teen previously boiled out with dflute HC'l. Wash precipitate 
fifteen or twenty times with acetate wa.sh. Set aside filtrates. 
Dissolve precipitate in 50 c.c. H('l (1 ; 1 ) by heating and pouring 
back and forth several times, then washing filter free of iron 
with 1 ; 10 HCl wash. Make a second basic acetab' separation, 
using 15 c.c. and 8 c.c. of ammonium acetate re.six>etively for 
the 1 gram and 500 mgs. weights. Filt(‘r into GOO c.c. bi'akera 
and wash as te'fon'. 

The Combined Acetate Filtrates .—If these filtrates contain 
much cobalt they will be pink. Heat to boiling; make faintly 
ammoniacal; add 5 c.c. of 1 : 1 ammonia in excess and last of 
all 50 c.c. saturated solution of microcosmic .salt. Stir vigorously, 
otherwise bumping may break beakers. A blue precipitate 
forms which continuous stirring changes to a crystalline grape- 
colored precipitate that setth's rapidly, leaving a water-white 
supernatant liquid. Filter on 11 cm. filters into clean liter 
beakers, washing precipitates with water cotdaining 4 c.c. 
ammonium acetate, until free of chlorides, testing a few drops 
of the acidulated washings with silven- nitrate solution. Burn 
olT precipitates in weighed platinum crucibles over low flame 
at first, then increase to bright red heat; brnik up lumps with 
a nichrome or platinum rod. Cool, and weigh as colralt, nickel, 
and manganese pyrophosphates and a little Si ()2 (C). Deter¬ 
mine manganese in a separate portion by sodium arsenite titra¬ 
tion, calculate to Mn 2 P 207 and deduct. Dissolve contents of 
crucibles with (1 : 1) HCl; filter; wash with 1 : 10 H('l, then 
with water; burn and weigh small amount of silica and deduct 
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The filtrates and washings from the phosphates of Co, Ni, 
and Mn usually contain a little Co and most of the Ni, etc., 
which are removed by saturation with H 2 S in hot solution as 
follows; Heat the latter to 70° or 80° C., pass H 2 S through for 

• Use an ammonium acetate solution that has been made neutral, or very 
faintly alkaline with ammonia. 
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Add exactly 4 c.c. ammonia (1 : 1) to each neutral test solu¬ 
tion before beginning to titrate. It is very important that the 
excess of ammonia be the same for standards and tests. (See 
Preliminary Remarks.) 

Add 2 c.c. KI solution, tljen exactly 2 c.c. AgNOa solution, 
which produce quite a turbidity. Stir and add KCN solution 
rapidly at first and slowly toward the end until the cloud just 
disappears. Record time at that moment and let stand six 
minutes. Record readings of “Silver” and “Cyanide” burettes. 

At the end of six minutes clear up the newly formed cloud, 
slowly, with cyanide and add the amount thus used to that 
already consumed. Titration is now finished. Disregard any 
subsequent clouds that are almost certain to form. Titration of 
1 gram of a non-cobalt steel, to get the relation between cyanide 
and silver, is the next step and is as follows: After dropping 
in the 2 c.c. of KI (from small pipette or graduate) and 2 c.c. 
AgNOs from burette, clear up carefully and slowly with KCN 
solution and record readings. Since all steel contains at least a 
trace of copper or nickel, this titration is made in order to elimi¬ 
nate any interference from this cause. This having been done, 
add 10 c.c. KCN solution, then carefully bring on a faint cloud 
with AgNOs solution, just clearing with a drop or two of KCN 
to be sure of no appreciable excess. This titration gives the 
relative comparison of cyanide and silver solutions, showing that 
1.1 c.c. of KCN e(^ual 1.0 c.c. of AgNOs. 

The calculations are the same as in the similar method for 
nickel, page 227. Deduct any nickel found on a separate portion 
by Bninck's method or the modified form of it. It is quite 
unlikely that appreciable amounts of nickel will be found in 
cobalt steels. The same can be said of copper, although the 
latter can be removed beforehand by H 2 S. 

Standardizations and Calculations .—Determine the blank first. 
Add 2 c.c. KI solution, then 2 c.c. AgNOs solution. Add KCN 
solution, drop by drop, until white cloud of Agl disappears. 
Take burette readings for silver and cyanide solutions; then add 
a known amount of cyanide, about 10 c.c., and titrate to a faint 
cloud with silver nitrate. Calculate silver nitrate in terms of 
cyanide, e.g., 

11.1 c.c. KCN = 10.1 c.c. AgNOs. 

1 c.c. AgNOs = 1.1 c.c. KCN. 
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Standard mixtures: 

(1) 30 mgs. C. P. cobalt and 800 mgs. high-speed steel. 

(2) 50 mgs. C. P. cobalt and 1 gm. ’ high-stx'ed steel. 

(3) 80 mgs. C. P. cobalt and 1 gm. high-sp<'6d steel. 

(4) Blank, no cobalt added and 1 gm. high-speed steel. 

Put the above mixtures through all of the foregoing operations 
until the point of titration; then add 2 c.c. K1 solution, also 
exactly 2 c.c. AgNOa; then with constant stirring drop in KCN 
solution until the cloud disappears. Record first and last read¬ 
ings of burettes. Note the time. Wait exactly six minutes, 
then read the KCN burette and clear up the second cloud 
cautiously. Take reading and add it to former KCN reading. 
Deduct (2.0X1.1) c.c. from the total KCN reading; the remain¬ 
der represents KCN consumed by the cobalt. 

EXAMPLE 


0.050 gm. metallic cobalt used, which contains 07.21 per cent Co. 


KCN to clear first cloud. 

KCN to clear second cloud. 

AgNOi 

0 0 

71 2 

14.0 

69 9 

73 9 

16.0 

69 9 

2 7 

2.0 

2.7 

*■ 

XI.1 

72 6 


2.2 

-2 2 




70.4 = 0 05gm.X0 072gm. Co=0 0486gm. Co., or 1 c.c. KCN 
= 0 0006904 gm. cohalt 


Titrate sample in exactly the same way as the standard mixtures. Since 
800 mgs. weights have a general tendency to go lower than 1 gm. weights for 
reason stated in the introduction, use the higher factor on those weights, viz.: 

30 mgs. standard-1-800 mgs. steel 
1 c.c. KCN =0.000704 gm. cobalt 


50 mgs. standard-1-1 gm. steel 
1 c.c. KCN =0.0006004 gm. cobalt 
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NICKEL IN COBALT STEELS 


800 mgs. sample required 49 4 c.c. KCN. Therefore the steel eontained 
49.4 X0.000704 mg. Co or 0.03477 mg. Co. Hence per cent cobalt in sample 
equals 0.03477 H-0.8X100, or 4.35 per cent cobalt. 

1 gm. sample required 63.0 c.c. KCN. Therefore the steel contained 
63.0 X0.0006904 gm. Co, or 0.04349 gm. Co, or 4.35 per cent cobalt. 


Nickel in Cobalt Steels 

Weigh 1 gram and 0.9 gram of sample into 400 c.c. beakers. 
Dissolve in 25 c.c. n 2 S() (1 : 3) over moderate flame. Oxidize 
with 10 c.c. HNO3 (1 . 20); cool; add 5 grams citric acid per 
gram sample taken. Make slightly ammoniacal; dilute to 300 c.c.; 
add 20 c.c. of a 2 per cent alcoholic solution of dimethylglyoximc; 
let stand two hours; filter on double 11 cm. filters; wash about 
twenty-five times with dimethyl wash (10 c.c. of 2 per cent 
dimethyl to 500 c.c. water). Dissolve by passing 25 c.c. 1 . 20 
HNO 3 (cold) back and forth on the filter. Wash about forty 
times with nitric wash (10 c.c. 1 . 20 HNO3 to 500 c.c. water). 
Make filtrate ammoniacal and repeat dimethyl precipitation to 
remove cobalt which is carried out with nickel in considerable 
quantity. Filter and wash as above. The precipitate should be 
bulky and of a brick-red appearance. If not, make a third pre¬ 
cipitation to insure complete removal of cobalt.* 

Volume of dissolved precipitate should be about 100 c.c. 
Boil about ten minutes. Add 15 c.c. H 2 SO 4 (1 : 3); cool; add 
2 grams citric acid; make slightly ammoniacal, volume about 
200 C.C.; titrate at ordinary room temperature in usual manner 
for nickel titration in plain nickel steel by the KCN method; 
calculate per cent nickel in sample. 

When nickel is present along with cobalt in steels, run nickel 
standards in the same manner as described for cobalt standards, 
i.e., clearing up of first cloud after waiting six minutes. Per cent 
nickel having been determined by separate operation, calculate 
number of c.c. used for nickel by dividing amount of nickel 
found by the nickel value of the cyanide solution standardized 
as above; deduct from total KCN used by the cobalt plus nickel 
and calculate cobalt by multiplying the remaining c.c by the 
cobalt value of the solution. 

A filtrate at this point, free from brown color, indicates the complete 
removal of the cobalt from the red nickel precipitate. 
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STANDARDIZATION OF KCN SOLUTION WITH NICICEL AMMO¬ 
NIUM SULPHATE, FOR COBALT NICKEL STEELS 
200 mss Ni. Ain. Sulphate; 800 mgs High Speed Steel 


KC.8 o leaf lir»t cloud. 

KCN to clt‘Rr sc iiitl cl 

>0.1 

AitNOi 

19 3 

68 0 

• 

48 0 

51.6 

68.4 


• 50.0 


— •- 


— 

32.3 

0.4 


2.0 

.4 



XI.1 

32.7 



2.2 


2 2 
30 5 

0.0146 gm. of Ni in 0.100 gram of Ni Am. sulphate 
0.0146 gm. X2-i-30..') = 0 0009.W, or 
1 c.c. KCN solution equals 0.000057 gm mekel 
340 mgs. Ni. Am. Sulphate. ' 1 gm. High Sfieed Steel. 


KCN 

KCN 

AkNII, 

1 2 

78 6 

,52 0 

54 0 

80 6 

54.0 

52 8 

2.0 

2.0 


+2 0 

54 8 
2.2 

52 6 

0.0140X3.4-4-.52.0 equals 00009437, or 
1 c.c. KCN solution equals 0 00091»j7 gm. nickel. 

CALCULATIONS FOR COBALT IN C )BALT NICKEL STEELS 
Sample 800 mgs. 



1st titration. 

2d titration. 

AgNO* 

KCN 

KCN required to clear second cloud 

a Inch foriiied after idx mioutea 

54 0 

0 2 

1 0 

56 0 

78 4 

5 7 

2.0 

78 2 

4 7 


4 7 


82 9 
2 2 

80 7 
27.45 


63 25 
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SMALL AMOUNTS OP NICKEL IN COBALT 


Cobalt and nickel required 80.7 c.c, KCN in 0.8 gram of sample. Since 
3.26 per cent nickel was found by separate determination, therefore 0.0326 X 
0.8 = 0.02608 gram nickel, which divided by 0.00095 = 27.45, or 27.45 c.c. of 
KCN to be deducted frost the total, or 80.7 c.c. This gives 80.7—27.45, 
or 53.25 c.c. of KCN used by cobalt alone. 53.25 X0.00068X100.^0.8=4.52 
per cent Co. ^ 

Sample 1 gm. 



lat titration. 

2d titration. 

AgNOi 

KCN 

KCN required to olcar the second cloud 
which forms after six nuimtes 

56.0 

0 6 

57 0 

58 0 

99.0 

02 2 

2.0 

98.4 

5.2 


5 2 


103 4 
2 2 

101.2 
34 3 

66 9 

Cobalt and nickel required 101.2 c.c. of KCN for 1 gm. sample. Since 
3.26 per cent nickel was found by separate determination, therefore 0.0326 X 
1.0^-0.00095 = 34.31. 101.2-34.3 = 60.9 or KCN used by cobalt alone. 
66.9 X0.00008■1-1X100 = 4..55 per cent cobalt. 


The Determination op Small Amount.s op Nickel in 
THE Presence op Large Per Cents op Cobalt 

Dissolve 1 or more grams of the cobalt in 40 c.c. of 1.20 nitric 
acid; add 15 c.c. of 1 : 3 H2SO4; boil off nitrous fumes; cool; 
add 5 grams of citric acid per gram Of cobalt taken; add a slight 
excess of ammonia. Cool and add 20 c.c. of a 2 per cent solution 
of the dimethylglyoxime in 95 per cent alcohol for every gram 
of metallic cobalt present. Ijet the cold solution stand for at 
least one hour; filter out the precipitate of the nickel compound 
which owing to contamination with Co may not have its true 
scarlet color. It is washed with “dimethyl” wash consisting 
of 10 c.c. of the dimethyl solution diluted with 500 c.c. of water, 
and is redissolved in 25 c.c. of 1.20 nitric acid, and reprecipitated 
as before. The now scarlet precipitate is washed as at first; 
dissolved; 15 c.c. of 1 : 3 sulphuric acid are added to the solution 
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which is then boiled fifteen minutes. Five grams of citric acid 
are added and the nickel is titrated with cyanide and “silver” 
as in steels. This method should also answer-for the separation 
of small amounts of nickel from largo amounts of elements, like 
manganese and chromium, whi^h give very dark fluids when 
held in ammoniacal solution by ammonium citrate. In this way 
large weights of these elements could be taken as in the case of 
the Co. 

The Testing of Nickel for Small Amounts of Cobalt 

Dissolve 4 or 5 grams of the nickel millings in 1.20 nitric acid, 
using 10 c.c. of the acid for every gram of the sample taken. 
Boil off the red fumes; dilute to 20 c.c.; add .ammonia until a 
slight precipitate forms that does not dissolve on long stirring, 
if iron or aluminum be present; if neither of these elements arc 
in the solution then add the ammonia until a piece of litmus 
paper floating in the solution just turns l)lue. Now add acetic 
acid (1 part of glaci.al acetic acid diluted with an equal volume of 
water) until the precipitate just dissolves, or the litmus turns to 
red, or the solution smells of a slight excess of acetic aiad; add an 
excess of 10 c.c. of the acetic acid; dilute the solution to 400 c.c. 
and add 25 grams of potas-siuin nitrite when, after a few minutes, 
the solution will begin to cloud with a precipitate of the tri¬ 
potassium cobaltic nitrite. If the percentijge of (Vi pre.sent is 
very small, being less than 0.1 per cent, then the precipitate will 
appear yellow only after the lap.se of an hour or two. If there be 
from 0.3 to 0.5 per cent of ('o in the sample then the cobalt will 
quickly form in a bright yellow powder, and slowly settle to the 
Ixittorn of the beaker. After standing twelve hours the pre¬ 
cipitate is filtered off and washed with 25 grams of potassium 
nitrite dissolved in 300 c.c. of water and made slightly acid with 
acetic acid. The precipitate should be mixed with some finely 
divided filter pulp before filtering. Wash it until the wa.shings 
no longer give any color with a solution of dimcthylglyoxirae. 

The yellow precipitate is then dissolved in 40 c.c. of hot 1 : 1 
HNOa and the filter is thoroughly washed with the acid. The 
filtrate and washings are made slightly ammoniacal and 20 c.c. 
of “dimethyl” are added to each test. This gives a brown color 
whose depth is proportional to the cobalt present and is com- 
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pared with known amounts of cobalt ammonium sulphate put 
through all of the above operations. The color is almost exactly 
the same shade as Uiat obtained in the color carbon test in 
steels. 

If, when the yellow cobalt precipitate is washed with the 
above nitrite wash, it is found that the nickel is very difficult to 
remove, the yellow precipitate can be redissolved, reprecipitated, 
and washed again. This treatment should remove the nickel to 
the extent that the cobaltic-nitrite can be readily washed free 
of nickel test with the “dimethyl” wash. 

The above procedure constitutes a very delicate qualitative 
test for cobalt in the presence of nickel. Less than 0.100 per cent 
of Co can be readily detected in 5 grams of nickel. The operator 
should be careful to carry out either the qualitative or the 
quantitative precipitation exactly, as described for the quanti¬ 
tative method, as there are conditions which cause the cobalt 
to precipitate very slowly and imperfectly. If, when the nitric 
acid solution of the yellow precipitate is made ammoniacal, 
prior to the addition of the “dimethyl” to obtain the brown 
color, a precipitate of iron appears, this iron must be removed 
as iron also gives a color with this reagent. Make a basic acetate 
separation of the iron, in the usual way, in a volume of 100 c.c. 
Make a second basic acetate separation of the iron and combine 
the two filtrates and washings from the basic acetate precipi¬ 
tations; make amiponiacal; add the “dimethyl” and compare 
with the standard similarly treated, consisting of 0.2 gram of 
cobalt ammonium sulphate put through all of the above opera¬ 
tions. 


ANALYSIS FOUND 



Per Cent 

! 

Ppr Cent 

Cobalt. 

0 600 

; Silicon 

0 28 

Nickel. 

98 400 

1 Manganese . . 

Trace 


0 60 


0.12 






Electrolytic Method for Cobalt and Nickel in Ferro- 
Cobalt and in Cobalt Powder 

The following method is used by one large European concern 
for the valuation of their product: 20 grams are dissolved in 
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moderately cone, nitric acid. Any insoluble matter is fused with 
KHSO4 and the fusion is dissolved in diluted H2SO4 (1 : 3 ), 
added to the main solution and then all is transferred to a liter 
volumetric flask, diluted to mark and ini)fed well by repeatedly 
inverting the fla.sk; 25 c.c. of this solution are accurately measured 
from a 50 c.c. burette that has been rinsed three times with some 
of the liter solution. These 25 c.c. are evaporated to thick 
fumes with H2SO4; diluted to 350 c.c. with water; and the 
copper is precipitated with H 2 S. The CU 2 S is filtered out and 
washed with H2S water containing a drop of H2SO4 in 500 c.c. 
The filtrate and washings from the CU 2 S are evaporated low, 
in a casserole; 5 c.c. cone. HNO;i are added and 75 c.c. of cone. 
HCl; heated with lid on until all red fumes are gone; the lid 
is removed and evaporation to 10 c.c. follows. Dilute to 350 c.c.; 
make a double basic acetate separation of the iron as in gravi¬ 
metric method; add 2 c.c. of acetate p(T 1 (K) mgs. of cobalt 
present; filter off any iron acetate, wash with acetate water. To 
filtrate and washings add 35 c.c. H 2 SO 4 of 30° Bd. and evapo¬ 
rate to fumes; take up with water and add 2 grams of sodium 
sulphite, also abo\it 40 c.c. of ammonia of alxiut 0.96 sp. gr. The 
strongly ammoniacal solution should now be about 100 c^c. 
volume. Electrolyze this solution in the cold with a current of 
0.3 to 0.4 amp. and 6 volts for about six hours, using a platinum 
spiral and a gauze electrode of platinum. Weigh as cobalt plus 
nickel. 


Detekmination of the Nickel 

One hundred c.c. of the liter solution are neutralized with 
KOH and KCN is added until the precipitate that forms is 
dissolved. Add an excess of KOII; add bromine water until a 
yellow color is obtained; and allow the precipitate to settle for 
one hour. The black precipitate of nickel oxide which still 
contains a little cobalt is filtered, washed with KOH water and 
redissolved in HCl containing bromine water. This Ni is then 
reprecipitated as before, redissolved and the solution is electro¬ 
lyzed for nickel, as in the case of the Co. The nickel is then 
dissolved off the electrode with HNO3. The nitric solution can 
be titrated with KCN. 

Or precipitate the solution of the deposited nickel with a 
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1 per cent alcoholic solution of dimethylglynscime at 50° C. in 
excess of ammonia. Dry the precipitate lo constant weight at 
120°. The nickel is then deducted from the cobalt plus nickel 
determined from tht, 25 c.c. by electrolysis, and the cobalt 
obtained by difference. 

The Method Given in Detail for the Determination of 
Cobalt and Nickel bv Electrolysis as Used by the 
Author 

For cobalt powder, cube or ferro-cobalt containing 70 per cent 
or more of Co, dissolve 0.2 gram (and 0.3 gram for a check) in 
35 c.c. of 1 : 3 sulphuric acid, using 600 c.c. beakers. When the 
action is over, oxidize any iron by the addition of 10 c.c. of 1.20 
nitric acid; boil down to 15 c.c.; add 50 c.c. of water and boil 
again to 15 c.c.; cool; make the basic acetate separation of the 
iron in the same way as described under ferro-manganese, page 
244. Add 2 c.c. of the slightly ammoniacal ammonium acetate 
solution for each 100 mgs. of cobalt present. Filter out the 
acetate of iron; redissolve it and repeat the basic acetate separa¬ 
tion. The combined filtrates from the two basic acetate separa¬ 
tions are acidulated with 10 c.c. of H 2 SO 4 and evaporated to 
200 c.c. Ammonia is added until the solution takes on the 
faintest excess of ammonia. Then 100 c.c. more of 1 : 1 ammonia 
are dropped in and 2 grams of sodium sulphite. The solutions are 
transferred to 400 b'.c. beakers and electrolyzed with a current of 
0.45 ampere and 3.2 volts until the pinkish solution is entirely 
colorless. The electrolysis is conducted in pairs. The current 
is turned on and allowed to run all night. 

The beakers are arranged so that they can lie lowered away 
from the electrodes when the deposition of the cobalt is com¬ 
pleted. The electrodes are rinsed off with distilled water; and 
another beaker is slipped under them and raised and lowered 
with the electrodes dipping in the water; a second and third 
beaker of water are also used to wash the electrodes as many 
more times. The cathode is then dried in an air bath at 100° C. 
for forty-five minutes; cooled; and weighed. It is again washed; 
dried; cooled; and weighed. The final weight less the weight 
of the cathode, taken before the analysis, equals the weight of 
the cobalt, and any nickel present. The author has found nickel 
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from traces to 3 ']^r cent in every case thus far, of cobalt of 
commerce. 

Fig. 32 shows an arrangement of electric lamps whereby 
the amperage can lx; varied from 0.225 to 0.9 ampere, and 
from which, with a 220-volt cij-cuit, an electromotive force 
of 3.2 volts can be obtained. At the points marked 16 c.p., 16 
candle-power lamps are placed in the circuit. A 32-c. p. lamp is 
put in the socket so marked. With one 16-c.p. lamp burning 



Sketch No. 32. 


the current is 0.225 ampere; with two such in action the 
amperage is 0.45 and so on. With the 32-c. p. lamp the current 
is 0.45. With all three lamps the amperage is the sum total, 
or 0.9. The voltage on the main is 220. This group of lights 
can be arranged on a board 8 by 10 inches. One such group is 
of course needed for each determination. To determine which is 
anode and which is cathode, close the switch, wet a piece of 
turmeric paper and touch the ends marked “anode” and “cathode” 
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to the paper, when the end which is cathode, or negative, will 
stain the turmeric red. 

The solution from which the (’o and Ni have been deposited, 
is saturated with H 2 S, and any small amount of black sulphide 
that separates out is filtcrcyl out; washed with H 2 S water; 
ignited in a porcelain crucible at a low red heat; weighed as CoO; 
multiplied by the factor 0.7866 to convert it to the equivalent 
of metallic Co; and added to the total of Co plus nickel found 
on the cathode. The cathode is then placed in hydrochloric 
acid, which quickly dissolves off the (Jo and Ni. The cathode is 
removed and rinsed thoroughly. To the solution and rinsings are 
added the solution of the small amount of the oxide which has 
meanwhile been dissolved in a little aqua regia. Make the 
total solution ammoniacal and precipitate the nickel out of the 
hot solution with 20 c.c. of the 2 ptir cent solution of dimethyl- 
glyoxime in alcohol. The red precipitate is dissolved in nitric 
acid; reprecipitated as before; washed with dilute nitric acid 
water; and finished by the ordinary titration with KCN and 
silver nitrate. The milligrams of metallic nickel so found are 
deducted from the total of Co and Ni found by the electrolysis 
plus any recovered by H 2 S, giving the cobalt by difference. If 
the operator wishes to guard against the presence of copper, H 2 S 
should be passed through the solution of the total cobalt plus 
nickel before adding the dimethyl. Any sulphides so precipi¬ 
tated are filtered yut; wa.shed and titrated with KCN for copper 
as in steels. The filtrate and washings from the copper are 
evaporated low; oxidized with nitric acid; and then the nickel 
is obtained with the diniethyl, as described. If the operator 
wishes, the nickel can be gotten on a separate portion as described 
under the determination of nickel in metallic cobalt. 

The cylindrical cathode and disc anode of platinum are the 
most convenient form of electrodes for this work. One can use 
also a platinum dish for the cathode, suspending in the fluid in 
the dish any convenient form of platinum anode. 

Phosphorus, sulphur, and silicon can be determined in metallic 
cobalt as in plain carbon steels. In all of the samples that the 
author has analyzed, at least, very accurate results for sulphur 
were obtained by the ordinary evolution method. These results 
were checked by gravimetric results obtained by the same method 
as recommended for sulphur in tungsten powder by fusing with 
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a mixture of sodium carlxjnate and sodium peroxide. (Sec 
page 80.) The method given on page 122 should give accurate 
results. 

i 

Manganese in High Percentage Cobalt Steel and 
Metallic Cobalt 

Dissolve 0.100 and 0.0.5 gram of steel, cobalt powder, or ferro- 
cobalt in 20 c.c. of cone. H('l diluted with 10 c.o. water. Dilute 
to 50 c.c. and neutralize with ammonia. Redissolve the hydrox¬ 
ides in glacial acetic acid. Avoid much excess of acetic acid. 
Dilute to 100 c.c. with water and pass H 2 S in the cold to remove 
the main portion of the cobalt. Filtei’ off cobalt sulphide, wash 
it fifty times with H 2 S water, evaiwrate filtrate and washings in a 
casserole to 20 c.c.; cool; add 1(X) c.c. cone, nitric acid; heat with 
cover on until all red fumes are gone; remove cover and evapo¬ 
rate to 25 c.c. Dilute to 50 c.c. with water and evaporate again 
to 25 c.c. Transfer to 10X1 inch test tubes and finish as in 
plain carbon steel. The bulk of the cobalt is removed only 
because it gives such a strong pink in nitric solution that t)ie 
operator cannot get an end-point when titrating with arsenious 
acid as in steels. Steels containing 5 per cent Co do not interfere 
in this way, but if the percentage of Co runs much higher, the 
cobalt must be removed Ixiforc titration. 

Cobalt steels containing much chromium and tungsten should 
be dissolved in 20 c.c. of 1 ; 3 H2S()4 and oxidized with 15 c.c. 
1 : 20 nitric acid; boil down to 10 c.c.; filter off tungsten; wash 
with dilute H2SO4; neutralize with ammonia; acidulate with 
acetic acid and proceed as above. This removal of cobalt is 
only necessary in very high percentages, at least 10 per cent 
cobalt. 


ANALYSES OF METALLIC COBALT AND FERRO-COBALT 



Per 

Ceot 

Co 

Ppr 

Cent 

Ni 

1 per Per 

Cent Cent 
Fe A1 

Per 

Ceot 

8 i 

Per 

Cent 

8 

Per Per 

1 Cent ' Ceot 

1 Mn 1 P 

Bar cobalt . . 

94 40 

2 59 

1 25 1 17 

0 31 

0 031 

0,21 0.016 

Lump cobalt ,. , 

98.56 

0.80 

0 48 ; .... 

0 30 

0.017 

0 20 0.017 

Powder. 

96.61 

1 87 

0 70 ; .. . 

0 26 

0,157 

0.26 0.012 

Cubes. 

97.56 

2.10 

0 35 i . 

0.08 

0,022 

0,08 0.022 

Ferro-cobalt. 

75.26 

0 60 

21 49 I 1.90 

0 77 

1 

0.014 

0.08 0.019 
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THE ANALYSIS OF STELLITE 


When neutralizing with ammonia, prior to adding the excess 
of acetic acid, do not completely precipitate ^he iron, etc., but 
just add enough ammonia to produce a slight permanent pre¬ 
cipitate. Then rcdissolve the latter in acetic acid as directed. 

Stellite.—Cobalt, Molybdpnum, Iron, Manganese, Chromium. 

Dissolve 1 gram and 800 mgs. in 30 c.c. cone. HCl and 30 c.c. 
cone, nitric acid; evaporate to 20 c.c.; add 100 c.c. cone, nitric 
acid and evaporate to dryness, but do not ignite, as cobalt may 
become insoluble. Dissolve in 50 c.c. cone. HCl; evaporate to 
20 C.C.; transfer to 1000 c.c. boiling flask; and dilute to 200 c.c. 
Peroxidizc; add Na202 until black precipitate forms and tends to 
settle; add 10 grams more of peroxide and 10 grams NaaCOj; 
bring just to boil; continue to boil ten minutes; cool; filter on 
double 15 cm. papers and wa.sh with peroxide water. 

Redissolve the black precipitate in 60 c.c. 1 : 1 HCl; and per¬ 
oxidizc again as before and so on until filtrates arc free of yellow 
color. Three peroxidations arc sufficient. Residue on filter is 
cobalt and iron. Di.ssolvc off filter as before; filters are washed. 
Ash the filters and extract any remaining cobalt with 10 c.c. 
HCl and add to main cobalt and iron solution. Two basic 
acetate separations are made of this solution as in cobalt steel. 
Then finish filtrates by phosphate precipitation as in cobalt 
steels. The acetate of iron on the filter can be dissolved in 
HCl, reprecipitated and weighed; or titrated as in iron ore. 

Chromium is (>t)tained as in chromium ore, except that the iron 
and cobalt arc filtered out and washed with sodium peroxide 
wash. Filtrate and washings are boiled for twenty minutes to 
remove H 2 O 2 and titrated with ferrous ammonium sulphate as in 
chrome ore. 

Molybdenum is gotten from a separate portion, dissolving 
in the same mixture as in cobalt steel. The molybdenum is 
then precipitated as in steel with H 2 S. 


ANALYSIS OF STELLITE 


Por Cent 


Cobalt . 

60 80 

Molybdenum. 

24.10 

Chromium. 

13 20 

Manganese. 

0.55 



Per Cent 

Iron. 

0.52 

Silicon . 

0.27 

Phosphorus. 

0.02 
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Manganese is detormineil as in cobalt steel, removing most of 
the cobalt with H 2 S. 

Silicon is found by fuming with sulphuric acid, as in chrome 
steel. * 


Oxygen and Salts (Sodium Chloride, etc.) in 
Metallic Cobalt 

The oxygen is determined on the finely powdered .sample as in 
tungsten (.see page 81). 

Salts other than cobalt salts are determined by extracting the 
finely divided .sample by boiling it in distilled water in a platinum 
dish until the decanted extraid no longer leaves a residue on 
evaporation. The extract is decanted through a filter. The 
combined extracts are dried at 120° C. and weighed. The 
extract is then dissolved in water and a little HCil, if necessary; 
made very faintly ammoniaca! and .saturated with H 2 S. Any 
precipitate! so obtained is filti!red out; washed with H 2 S water; 
ignited in a porcelain crucible; weighed; and dialucted from the 
weight of the extract (hied at 120° C. The following is an 
analysis of an all('g(‘d c.p. na'tallic! cobalt powder; Co, 95.45 per 
cent; Si, 0.01 per cent; C, 0.25 per cent; chlorides, other than 
cobalt salts, 1.89 pt‘r cent; O, 1.72 per cent. 



CHAPTER XV 
Part I 

THE DETERMINATION OF NITROGEN IN STEEL AND IRON 

A NUMBER of pjnglish and American chemists prefer to deter¬ 
mine the nitrogen in steel by dissolving it in 1:1 H(,’l. The 
nitrogen is supposed to exist in the steel as Fe 6 N 2 or Fe4N2 and 
is converted into ammonia by evolved hydrogen. This ammonia 
then combines with the HCI to form ammonium chloride. This 
solution of iron chloride and ammonium chloride is poured into 
a flask of the style shown on page 332 but of 700 to 750 c.c. 
capacity. A double bored stopper is used in the flask. Through 
one hole is passed a long-stemmed separatory funnel whose tube 
just dips under the fluid in the flask when all of the solutions 
are in it. The other hole in the stopper is for a glass delivery 
tube, one end of which just passes through the stopper into the 
flask and the other end is connected with a glass condenser of 
the Liebig type. Before introducing the solution of the sample, 
12 grams of NaOH in 250 c.c. of water are put in the flask; the 
latter is connected with the condenser; and about half of the 
water is distilled off to remove any nitrogen that may be in 
the NaOH before the actual determination of that in the sample 
is begun. 

Having purified the NaOH from any nitrogen it may contain, 
as above, the 1 gram of sample, which has meanwhile been 
dissolved in 20 c.c. of 1 : 1 HCI is run slowly into the flask 
(which is first connected with the condenser) via the separatory 
funnel. When all of the solution of the steel is in the flask, 
it is given a whirling motion to mix thoroughly the HCI solution 
of the steel with the NaOH. The mixture is then brought to a 
boil, and the boiling is continued until the distillate which is 
received in Nessler tubes no longer gives the characteristic brown 
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color with Nessler solution.* The total distillate is then treated 
with 2 c.c. of the Newsier reagent fwr each 200 c.e. of distillate. 
The brown-colored solution so obtained is then matched against 
standard ammonium chloride which is made’by dis.solving 0.0382 
gram of this .salt in one liter volume of water. As •ammonium 
chloride contains 26.18 per cent of nitrogen, 0.0'182X0.2618 equals 
0.010 gram of nitrogen, hence 1 c.c. of the above standard is 
equivalent to 0.00001 gram of nitrogen. 

The most convenient way to make this comparison i.s as fol¬ 
lows: Suppose that 200 c.c. of the distillate were obtained. 'J’his 
would then be treated with 2 c.c. of the Nc.ssler solution and well 
mixed in a Nessler tube or other convenient comparison tube. 
Then place 200 c.c. of water in a duplicate comparison tube 
together with 2 c.c. of the Nessler solution. Next drop from a 
burette, with constant mixing, into this Nessler solution and 
water, some of the standard ammonium chloride until the colcr 
of this mixture just matches that of the distillate. Suppers 
that the reading of the burette showed that it required a:i addi¬ 
tion of 35 c.c. of the ammonium chloride standard to produce in 
the imitation mixture a depth of color equal to that of the dis¬ 
tillate obtained from the steel; this gives the volume of the test 
as 202 c.c. and that of the standard as 237 c.c. As 35 c.c. of the 
standard solution of ammonium chloride were required then the 
distillate must contain 0.00035 X 202237X100-f-l or 0.02!) per 
cent nitrogen. A blank determination must l)e run including 
all of the chemicals and operations, and any lutrogen so obtained 
must be deducted from that iound in the steel. The accuracy 
of the manipulations can al.so be tested by putting a measured 
amount of the ammonium chloride standard solution through 
all of the operations, and any nitrogen foun<l in excess of that 
added in the form of ammonium chloride should equal the blank 
determination. 

Ledebur prefers to determine nitrogen in iron or steel by dis¬ 
solving 10 grams of the sample in a flask similar to the one used 
in the foregoing method, using 120 c.c. of dilute sulphuric acid 
made by diluting 1 part of cone, sulphuric acid with 4 parts of 
water. When the sample is entirely dissolved, the flask A, 

* The reaction causing the brown coloration is explained by the following 
equation; 

2(2KI, HgI.)-|-NH.-t-3K0U = NHgJH,0 + 7KI+2H,0. 
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Fig. 33, is connected to a duplicate flask E containing a little 
water. This second flask is in turn connected with a nitrogen 
bulb F approximating very closely to the Volhard nitrogen bulb. 
The Volhard bulb h&s a stopper through which the delivery tube 
from flask E passes. This delivery tube dips almost to the bottom 
of the nitrogen bulb in which* is placed exactly 25 c.c. of N/10 
sulphuric acid. One hundred c.c. of water containing 40 grams 
of NaOH are poured through the separatory funned into the 
solution of the steel in A. The mixture of hydroxide of iron and 
NaOH is boiled gently and at the same time a stream of air is 
drawn through the entire apparatus. The boiling and drawing 
of air is continued for an hour. By thi.s time all of the 
ammonium sulphate formed from the nitrogen in the steel is 
suppKJsed to have been converted into ammonia by the action of 
the NaOH and been drawn over into the N/10 sulphuric acid 
in the nitrogen bulb. The contents of the latter arc then 
titrated with N/10 NaOH with a few drops of methyl orange for 
an indicator. The number of c.c. of the N/TO sulphuric acid 
found by this titration to have been neutralized by the ammonia 
coming from the nitrogen in the stool, is multiplied by the 
factor 0.001401 to find the part of a gram of nitrogen that 
existed in the 10 grams of steel. This method is to be commended 
by reason of the fact that a large sample can be taken, and it is 
not dependent on the operator’s skill in matching colors. 

Calculations .—The factor 1 c.c. of N/IO sulphuric acid equals 
0.001401 gram of nitrogen is obtained as follows: Since 1 c.c. of 
N/IO sulphuric acid contains 0.0049038 gram of H 2 SO 4 , and thi.s 
acid unites with ammonium hydroxide according to the equation 
H2S04+2NH40H = (NH 4 ) 2 S 04 + 2 H 20 , wc have the proportion 
given below: 

H2SO4 : 2N : : 1 c.c. N/10 H2SO4 : X 
or 

98.08 : 28.02 : : 0.0049038 : X 

or 

V=0.0014009 gram of nitrogen 

Suppose it is found by titration of the 25 c.c. of H2SO4, after 
the absorption of the ammonia formed from the nitrogen in the 
steel, that only 23 c.c. of the N/10 NaOH are required to dis¬ 
charge the pink color given to the 25 c.c. of the N/10 Hi804 by- 
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the methyl orange. This would mean that 25 e.e. less 23 c.c. or 
2 c.c. of the N/10 sulphuric acid had lieen neutralized by the 
ammonium hydroxide coming from the nitrogen in the steel and 
the blank. If there were no deduction for a blank then the i)er- 
centage of nilrogen found would lx; 0.001401X2X100 divided by 
10 or 0.028 p<'r cent nitrogen. * 

Nessler Sobdion. —Thirty-fiva; grams of ix)ta.ssium iodide are 
dissolved in 200 c.c. of distilled water. 'Po this K1 is added a 



saturated solution of mercuric chloride until a faint precipitate 
is obtained. Next add 160 grams of potassium hydroxide. Dilute 
to one liter and add more of the mercuric chloride solution until 
a small permanent precipitate of mercuric iodide forms and 
remains. This precipitate on settling should leave a pale yellow 
supernatant fluid which is supposed to become more sensitive 
with age. It gives a brownish yellow tint to small traces of 
ammonium or its salts in solution. If large quantities of ammo¬ 
nia are in solution the Nessler reagent produces a precipitate. 




396 


DETERMINATION OF NITROGEN IN STEEL 


According to Braune when the nitrogen reaches 0.035 per cent 
in the high carbon steels it causes serious brittleness. 

It is very necessary in making nitrogen determinations to 
carry out the work ima room free from all ammonia fumes. The 
work should be done in a place apart from the other laboratory 
work. In drawing air through the train in the method described 
by Ledebur it would seem advisable to purify such air by passing 
it through a wash bottle containing some dilute sulphuric acid, 
before it enters the boiling flask. 

Apparatus of Ledebur for the Determination of 
Nitrogen in Steel 

In his Leitfaden fiir Eisenhtitten-Laboratorien, Ledebur uses 
the apparatus shown in Fig. 33. The steel is dissolved in A and 
the NaOH is introduced through B. The air is drawn through 
A and E, carrying the ammonia formed from the nitrogen in 
the steel through E over into the measured amount of N/10 
sulphuric acid in F where it is absorbed and determined as already 
described. 



CHAPTER XVI 

THE ANALYSIS OF GRAPHITE AND GRAPHITE CRUCIBLES 

The total carbon is determined by direct combustion in the 
electric furnace. The sample is reduced to sufficient fineness 
to pass through No. 11 bolting cloth. A hardened steel mortar 
is used v/ith a ball pestle. The chamber of the inortar is 3^ imffies 
deep by If inches in diameter. The total thickness of the steel 
block is 4 inches. The pestle fits, exactly, the bottom of the 
mortar. The material is pounded into this opening by striking 
on the end of the pestle with a hammer. It is then taken out 
and ground in an agate mortar to loosen the mass which is sifted 
through the bolting cloth. The portion that does not pass the 
cloth is put back into the steel mortar and hammered again, and 
so on until the sample all passes through the cloth. 

0.200 to 0.300 gram of sample is used, and it burns completely 
in oxygen in the electric furnace. Forty-five minutes elapse 
from the time the sample is put in the furnace until the absorp¬ 
tion apparatus is detached for the final weighing of the carbon 
dioxide formed. The weight of the C,'02 multiplied by 27.27 
and divided by the weight taken for analysis yields the exact 
carbon in the sample. 


Volatile Matter 

One gram of sample is burned in a platinum crucible with a 
daw stream of oxygen passing in through a hole in the lid of the 
same. The lid is removed and the contents stirred with a nickel 
wire at intervals of about twenty minutes. The porcelain tube 
of a Rose crucible is used to conduct the oxygen through the 
hole in the platinum lid. When the contents of the crucible 
no longer lose weight the ignition is stopped. The total loss 
of weight less the weight of carbon by combustion equals the 
volatile matter other than carbon, such as water and sulphur. 
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A direct determination of water can also be made by igniting 
the substance in a stream of air, dried by passing it through a 
jar of phosphoric anhydride such as is used in the carbon com¬ 
bustion train. (See Fig. 7 (J), page 265.) The sample is put 
in a clay boat and heated to redness in a porcelain or quartz 
combustion tube.* In the ouflct end of the tute is attached, 
by means of a rubber stopper and glass tube, an absorption jar 
or U-tube, see 5, Fig. 1, page 85, containing phosphoric acid. 
The outlet of the absorption jar is guarded against the ingre.ss 
of moisture by a calcium chloride tube closely filled with bits of 
stick caustic potash. The air is drawn through by a suction 
pump. At intervals of tw'enty minutes the heat is lowered, the 
passing of the air is stopped and the absorption jar is weighed. 
It is attached again, the heat raised to redness for another 
twenty minutes, and the weighing is again made as before, and 
so on until there is no more gain than is obtained by a blank 
test carried through in the .same manner. The total increase 
in weight of the phosphoric anhydride less the blank is calculated 
to percentage as water. 

A blast lamp flame, or an electric muffle (.see jiage 120), 
is used to expel the carbon, obtain the ignition loss, and the 
ash for analysis. The ash from the 1 gram taken for ignition 
loss is analyzed for its various constituents exactly as a clay. 
It is fused with a mixture of 10 grams of anhydrous carbonate 
of soda plus one gram of niter in a platinum crucible. The 
melt is dissolved ou\ with water in a platinum dish, using heat 
to hasten the solution. The water extraction is transferred 
to a No. 6 porcelain dish. The dish is covered with a watch 
glass, and 1 : 3 sulphuric acid is allowed to flow down the under 
side of the lid until 125 c.c. in all have been slowly added. The 
acidulated fusion is stirred cautiously with a glass rod extending 
under the cover. The solution is heated until all effervescence is 
over. The under side of the cover is rinsed off, the washings 
flowing into the dish. The contents of the latter are then evap¬ 
orated to thick fumes of sulphuric anhydride; cool; add enough 
water to dissolve the sulphates, heating for about twenty minutes. 
Cool again. Add paper pulp. Filter and wash with 1 : 10 sul- 

The apparatus shown in Photo No. 1, page 83, or Fig. 1 on page 85, 
omitting the pyrogallic solution, and passing air or oxygen through the 
apparatus instead of hydrogen, can be used for this determination. 
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phuric acid. Wash sixty times, allowing each washing to drain 
off before the next one is added. The residue on the filter is burned 
at lowest possible heat until pure white, ^he heat is then raised 
to blast for ten minutes. 'I'he erucible is cooled in a desiccator 
and weighed. The contents are ^lasted again, or until no further 
loss occurs. A few drops of sulphuric acid arc added, the cru¬ 
cible is filled to about two-thipls its capacity with hydrofluoric 
acid and evaporation in a good draft to fumes of sulphuric acid 
follows. The sulphuric acid is driven off, the crucible is heated 
to bright red and weighed again. The loss of weight is the silica, 
which multiplied by 100 and divided by the weight taken yields 
the percentage of the latter oxide.* 

The filtrate from the .silica is p.asscd through the rcductor 
(page 365) and titrated for iron with potassium permanganate to 
first pink that lasts for a few seconds. The iron is calculated to 
oxide. 

If alumina is also wanted, the filtrate from the silica is first 
precipitated in a No. 7 porcelain dish in about a 600 c.c. volume 
with the faintest possible excess of ammonia water which has 
been filtered free of any sediment or scales of glass. When the 
solution is faintly ammoniacal it is boiled, cooled, and ashless 
paper pulp added in sufficient ipiantity to secure rapid filtration 
and washing. The aluminum and iron hydroxides are washed 
free from sulphates with ammonium nitrate water. The wash¬ 
ings are tested with barium chloride, and, when no milkiness 
forms in the former on addition of the chloride, the precipitate 
is given ten more washings. The filter and precipitate are burned 
cautiously in a weighed platinum crucible after first drjnng out 
some of the exce.ssive amount of water held by the pulp. The 
paper pulp is roasted out and the ash ignited to a constant weight 
with a blast lamp. The precipitate is calculated as alumina plus 
oxide of iron. All of the phosphorus present in the graphite will 
be counted as alumina unless it is desired to separate it. In that 
event the solution should be divided before the ammonia precip¬ 
itation is made. Pour it into a 500 c.c. flask. Dilute to the 500 
C.C/ mark with water. Mix the contents thoroughly and pour 
enough of the latter into a 250 c.c. flask to fill it to the mark. 

* There may remain in the crucible, after the evaporation with HF and 
H^SO,, and the ignition, a little stain of iron which should be dissolved in a 
little HCl, evaporated to thick fumes with a few drops of HiSO/, and added 
to the filtrate from the .silica before the reduction of the iron. 
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This gives two portions; one is reduced with zinc and titrated 
with permanganate for iron. The permanganate standard is 
made by dissolving p.727 gram of potassium permanganate in 
water and djluting it to 1000 c.c. One c.c. of this standard equals 
0.00)384 gram of iron. In a burned pot the iron is calculated 
to ferric Tbcrffore the iron found in parts of a gram is 

multiplied by 10 and divided by 7 to obtain the amount of ferric 
oxide. It is necessary to make this calculation in all cases where 
alumina is asked for. In plumbago, or graphite, it is usually 
customary to calculate the iron to protoxida ’(FeO). To obtain 
the amount of the latter, multiply the weight of metallic iron 
found by These weights of oxide are then reduced to percent¬ 
age in the usual way. 

Phosphorus and Alumina 

The other 250 c.c. portion of the divided sulphate filtrate ip 
precipitated with a faint excess of ammonia, washed, roasted, 
and blasted to constant weight as AljOg, FejOs, PsOs. The 
ferric oxide found in the 250 c.c. reduced with zinc is deducted 
from the total weight of the three oxides found in the second 
portion. This leaves AlaOa. PjOj. The phosphorus is obtained 
by fusing the oxides with twenty times their total weight of 
sodium carbonate plus their weight of potassium nitrate. The 
melt is dissolved iix a few c.c. of water, filtered into a 5-ounce 
beaker, washing the filter thoroughly with ammonium nitrate 
water. The filtrate is ackfufated with 1.20 nitric acid, boiled with 
a slight excess of pewnanganate solution (see Phosphorus in 
Steel), and the phosphorus is finished as in steel. The phos¬ 
phorus obtained is calculated to the pentoxide (P 2 O 6 ) as follows) 
For example, suppose 10 c.c. of the alkali standard were used, then 
10 X 0.0001X1.63 equals 0.00163, which multiplied by ff equals 
the phosphorus pentoxide to be deducted from the weifdit of 
AI 2 O 3 , P 2 OS. This leaves the alumina which came from the 0.500 
gram of sample. It is reduced to percentage by the usual calcu¬ 
lation. If phosphorus is not asked for, it is unnecessary to divide 
the sulphate filtrate from the silica. It can be precipitated with 
ammonia, filtered, washed, roasted, ignited, and weighed as 
AI 2 O 3 , FesOs, ignoring the presence of phosphorus, which is not 
likely to introduce a seriouj error. The total oxides are then fused 



LIME AND MAGNESIA IN GRAPHITE 


401 


with 10 grams of sodium carbonate, the melt dissolved in excess 
of 1 : 3 sulphuric acid (about 85 c.c. of the acid); reduced with 
zinc and titrated with permanganate. The^iron is calculated to 
Fe 203 and deducted from AI 2 O 3 and Fe 203 to obtain alumina. 

• 

Lime and Magnesia 

If lime and magnesia are asked for, the ash from the graphite 
is fused as before, but is acidulated with an excess of hydrochloric 
acid instead of sulphuric acid. 

The silica is removed by evaporating twice to hard dryness 
and filtering between evaporations. It is washed with 1 : 10 
hydrochloric acid. The filtrate and washings are precipitated 
with a alight excess of ammonia that has been freed from carbon 
dioxide as follows; The ammonia water is put in a sulphur flask 
fitted with a No. 0 stopper through which passes a glass tube. 
This tube is connected by rubber tubing with a jar such as shown 
in Fig. 4, page 263, filled with short pieces of stick caustic potash. 
The connection is with the top of the jar. The ammonia water in 
the flask is heated by a Bunsen burner. This drives the con¬ 
centrated ammonia from the flask over into the jar of caustic 
potash, which removes the CO 2 . The purified ammonia passes 
out at the bottom, and thence via more rublier tubing it 
reaches the glass delivery tube, which dips into a reagent Iwttle 
containing distilled water that has been boiipd for half an hour 
and cooled without stirring. The ammonia is passed into this 
bottle until the water in it smells strongly of ammonia. The 
carbon dioxide-free ammonia is used for all separations of iron 
from lime. 

The filtrate from the iron and alumina is concentrated to 300 
c.c. and made faintly ammoniacal. If the presence of man¬ 
ganese is suspected, a slight exce.ss of bromine is added, and the 
solution is heated until the brown flakes of manganese separate. 
This is not done unless the carbonate and nitrate fusion of the 
original ash is noticeably green. 

The hot faintly alkaline filtrate is treated with 20 c.c. of sat¬ 
urated solution of ammonium oxalate to precipitate the calcium 
as oxalate. The latter is permitted to settle several hours. It 
is then filtered out and washed with hot water containing a little 
ammonium oxalate, until free of chlorine test with silver nitrate 
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solution.* The precipitate is roasted until white and blasted 
to constant weight. It is weighed as calcium oxide, f which is 
calculated, as such, to percentage. The filtrate from the lime 
is acidulated with H^ll, concentrated to a small volume; filtered; 
made slightly ammoniacal; cooled; 10 c.c. of saturated solution 
of mierocosmic salt are added; and then the total volume is 
increased onc-f.ourth with concentrated ammonia. After thorough 
stirring, the precipitate of ammonium magnesium phosphate is 
permitted to settle until the next day. It is filtered on a small 
filter and washed forty times with a mixture of one part of cone, 
ammonia and three parts of water. It is then burned at a low 
rod heat until white, and weighed as magnesium pyro-phosphate, 
which contains 30.21 ix!r cent magnesium oxide. 

The filtrate and washings should he treated with more phos¬ 
phate solution, and, if an appreciable precipitate forms, it is 
collected, washed, ignited, weighed and added to the principal 
residue. 

Silicon Carbide 

When complete analyses of old pots that present a green- 
colored fracture are made, the analytical data will give evidence 
of the presence of silicon existing in the reduced state, that is, 
not entirely as oxide. If the silica, alumina, iron oxide and lime 
obtained are calculated as such and to their sum is added the total 
carbon as found by the red lead process, the percentages may 
reach the impossible total of 115.8 per cent in some instances. 
Such pots when broken present a greenish fracture. When the 
writer first encountered this difficidty he was somewhat puzzled. J 
Such material cannot be burned free of black or gray residue 
in a stream of oxygen. This is characteristic of silicon carbide. 
The combination will not yield its carbon in the electric furnace 
with oxygen alone. It decarbonizes readily if burned with red 
lead. For carbon 0.300 gram of green fracture pots is burned 
with 4 grams of red lead. The blank due to the red lead is deducted 
and the carbon percentage calculated as in pots free from silicon 

Acidulate the washings with a few drops of 1.20 nitric acid before 
testing for chlorine. 

t If the percentage of lime exceeds 0.5 per cent it is necessary to redia- 
solve the CaO in 11(11 and reprecipitate it as before to insure a perfect sepa¬ 
ration of the magnesia. (See “The Complete Analysis of Limestone,” etc., 
Chapter XVIII, Part I.) 

See page 191, 1st Edition Special Steele, July, 1908. 
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with 10 grams of sodium carbonate, the melt dissolved in excess 
of 1 : 3 sulphuric acid (about 85 c.c. of the acid); reduced with 
zinc and titrated with permanganate. The^iron is calculated to 
Fe 203 and deducted from AI 2 O 3 and Fe 203 to obtain alumina. 

• 

Lime and Magnesia 

If lime and magnesia are asked for, the ash from the graphite 
is fused as before, but is acidulated with an excess of hydrochloric 
acid instead of sulphuric acid. 

The silica is removed by evaporating twice to hard dryness 
and filtering between evaporations. It is washed with 1 : 10 
hydrochloric acid. The filtrate and washings are precipitated 
with a alight excess of ammonia that has been freed from carbon 
dioxide as follows; The ammonia water is put in a sulphur flask 
fitted with a No. 0 stopper through which passes a glass tube. 
This tube is connected by rubber tubing with a jar such as shown 
in Fig. 4, page 263, filled with short pieces of stick caustic potash. 
The connection is with the top of the jar. The ammonia water in 
the flask is heated by a Bunsen burner. This drives the con¬ 
centrated ammonia from the flask over into the jar of caustic 
potash, which removes the CO 2 . The purified ammonia passes 
out at the bottom, and thence via more rublier tubing it 
reaches the glass delivery tube, which dips into a reagent Iwttle 
containing distilled water that has been boiipd for half an hour 
and cooled without stirring. The ammonia is passed into this 
bottle until the water in it smells strongly of ammonia. The 
carbon dioxide-free ammonia is used for all separations of iron 
from lime. 

The filtrate from the iron and alumina is concentrated to 300 
c.c. and made faintly ammoniacal. If the presence of man¬ 
ganese is suspected, a slight exce.ss of bromine is added, and the 
solution is heated until the brown flakes of manganese separate. 
This is not done unless the carbonate and nitrate fusion of the 
original ash is noticeably green. 

The hot faintly alkaline filtrate is treated with 20 c.c. of sat¬ 
urated solution of ammonium oxalate to precipitate the calcium 
as oxalate. The latter is permitted to settle several hours. It 
is then filtered out and washed with hot water containing a little 
ammonium oxalate, until free of chlorine test with silver nitrate 
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Free Silica.—This gives on a 1 gram basis 159.6 milligrams 
excess, which is assumed to be oxygen. This is equivalent to 
30.07 centigrams of,silica; 


Si-1-02=Si02. 

O2: Si 02 ; : O2 : Si 02 . 

32 : 60.3 : : 159.6 : x. 

X =30.07 centigrams Si02 

to be deducted from the total silica, or 50.6 — 30.07 = 20.53, or 
20.53 per cent free silica in the pot. 

Silicon Carbide.—Silica is reduced to silicon by the factor 
0.4693, therefore the 30.07 centigrams of silica correspond to 
30.07 X 0.4693 = 14.11, or 14.11 percent silicon. This is equiva¬ 
lent to 20.09 centigrams of silicon carbide. 

Si-t-C=SiC. 

Si : Si(" : : Si : SiC. 

28.3 : 40.3 : : 14.11 : i. 

X = 20.09 or 20.09, SiC in the pot. 

Free Carbon.—The 20.09 centigrams of silicon carbide corre¬ 
spond to 5.98 centigrams of carbon to be deducted from the 
total carbon found; 

C-l-Si=SiC. 

C ; SiC ; ; C ; SiC. 

12 ; 40.3 ; ;x ; 20.09. 

x = 5.98, or 44.90—5.98=.38.92, or per cent of free carbon in the pot. 


RESULTS 


Excess of Oyxgtn Calculated to Silicon 
Carbide 

j Excess of Oxygen Calculated to Silicon. 

Per Cent 

Per Cent 

38 92 carbon (free) 

44 90 total carbon 

20 09 silicon carbide 

14 11 silicon 

4.37 proto.xide of iron 

4 37 iron oxide 

15 11 alumina 

15 11 alumina 

0.98 lime 

0 98 lime 

20 53 silica 

10.53 silica 

100 00 

100.00 
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Sulphur in PoT.i and Graphites 

Fuse 1 gram of sample with a mixture of H) grams of sodium 
carbonate ground intimately with 10 grams of potassium nitrate. 
Such a mixture must be heated eautipusly as it will flash if heated 
too quickly. When the first action is over, heat until the fusion 
is completely molten and keep it so with the least possible heat 
for a half hour.* Cool; dissolve the melt with water; acidulate 
with hydrochloric acid in a 600 c.c. ca.s.serole. Heat with cover 
on until all efTerv'oscencc is over, rinsing .same; evaporate to 
dryness and finish as sulphur in ferro-silicon, page 48, of high 
silicon content. If such a fusion is heated too hot it will boil out 
of the crucible. 

Standardization of Permanganate for Iron .—Weigh into a 
small flask 0.062 gram of oxalic acid c.p. Put into this flask 50 
c.c. distilled water and 20 c.c. 1 ; 8 sulphuric acid. Warm the 
solution until the crystals are dissolved and titrate it hot Do 
not let the solution boil. It will usually require 43.1 c.c of this 
permanganate to change the oxalic acid solution to a slight pink. 
Deduct 0.2 c.c. blank. Therefore 0.062 divided by 42.9X8 4 9 
= 0.001284, or 1 c.c. of the permanganate solution equals 0.001284 
gram of iron. The value of any permanganate solution in terms 
of oxalic is multiplied by | to obtain its iron value. 

For a check, weigh 0.065 gram of oxalic acid. This will 
require 45.2 c.c. to render it pink. ThereforCaO.065 divided by 
45.0X8-5-9 = 0.001283, or 1 c.c. standard solution equals 0.001283 
gram of iron. 

0.727 gram of KMn04 is dissolved in 1 liter of water for the 
above standard. 

The Determination of Alkalies in Graphite 

The percentage of Na20 and K 2 O sometimes has an important 
bearing on the refractory properties of plumbago. To determine 
the percentage of alkalies, the graphite is burned away at the 
lowest possible heat, using oxygen. The carbon-free ash is then 
analyzed for the content of Na20 and K 2 O as described under the 
Complete Analysis of Clays. (See pages 411-412.) 

* With the present high price of platinum it would be advisable to deter¬ 
mine the sulphur as in coke. (See page 470.) 
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TYPES OF PLUMBAGO (Hiau Grade) 



P<fr 
Cent 
Carboni 

Per i 
Cent 1 
Ignition 
Water 
and 

Sulphur 

Per 

Cent 

SiOt 

1, 

Per 
Cent 
AhOj 1 

Per 

Cent 

Fe?()j 

Per 
Cent 
CaO 1 

1 

Per i 
Cent 
MgO. 

Total. 

American flake... 

90 99 

1 41 

3 74 

2 37 

0 95 

0 40 

Trace 

99 86 

American flake . 

85 35 

1 37 

7.52 

3.55 

1 69 

0 20 

Trace 

99 68 

Alabama 

88 25 

1 33 

4.44 

3 35 

1 25 

0 62 

0 48 

99 72 

Ceylon . 

91 41 

1 49 

4 04 

0 31 

1 15 

0 10 

1 Trace 

98 50 

Madagascar flake. 

90 30 

1 40 ! 

3.72 

2 41 

1 27 

0 10 

0 18 

99 38 

Korean graphite. 

' 89 8(> 

0 76 ; 

3.60 

1 89 

2 51 

0 16 

0 68 

99 46 

Ceylon. 

89.88 

1 10 1 

4.62 

2 70 

1 02 

Trace; 

Trace 

99 32 

Ceylon. 

89.34 

1 18 1 

4.44 

3 55 

1 1 

0 59 

1 

0.10 i 

1 

0 07 

99 27 


Alkalies or Mica in Graphites 

When graphites are burned off in oxygen an examination of the 
ash often shows the latter to be a mass of more or less shining 
flakes of raiea. The author determines the alkalies as deserilied, 
and calculates the result to potash mica, Muscovite, using the 
formula given by Dana, H 2 KAl 3 (Si 04)3 or what is the same, 
2 H 2 O, K2O, 3 Al 203 - 6 Si 02 , i.e., SiOa, 45.2%; AI2O3, 38.5%; K 2 O, 
11.8% and H2O, 4.5%. Hence by dividing the alkali per¬ 
centage by 0 118, the percentage of mica is obtained assuming, 
of course, that it^xists as pota.sh mica, which assumption answers 
all purposes as either potash mica or sodium mica arc bad, being 
very active fluxes. The following table will show what may be 
expected in the way of mica in natural graphites. 


(1) Flake Town Flake (U. S.). 

(2) Crucible Flake 81631... 

(3) Flake Graphite 4765.... 

(4) Ceylon Graphite. 

(6) Ceylon Graphite. 

(6) Q Graphite. 

(7) Clay County (U. S.). 


0 36 K20=3.05 Muscovite 
none none 

0.208 K20 = 1 76 Muscovite 
0 225 K20 = 1 90 Muscovite 
0 104 K20 = 0 88 Muscovite 
0.340 K20 = 2.88 Muscovite 
0.322 K20 = 2.73 Muscovite 













CHAPTER XVI 


Part II 

THE COMPLETE ANALYSIS OF CLAY 

Ignition Loss.—Iloat 1 gram of tho finely powdered sample 
cautiously to redness and then gradually increase the heat until 
the crucible has reached the full heat of a large sharp flame of a 
Chaddock or M^ker or similar burner. Continue this heating, 
weighing at ten-minute intervals, until the sample no longer loses 
weight. 


Silica 

Mix 1 gram of the finely ground clay with intimate mixture of 
10 grams of sodium carbonate anil ] gram of potassium nitrate 
in a platinum crucible. Heat slowly at first and then apply 
sufficient heat to bring the clay to a ipiiet state of fusion. Dis¬ 
solve out the fusion in water in a platinum dish. Transfer the 
contents of tho dish to a large porcelain dish or casserole; add 
100 c.c. of cone. HCl, keeping the dish covered with a watch glass 
as much as possible to prevent loss by spraying. Add the acid 
very slowly, stirring with a glass rod under the lid to mix the acid 
as well as practicable to prevent a sudden boiling over. Heat 
with the lid on until all effervescence ceases; then remove the lid, 
rinse off its under surface, into the dish and evaporate to dryness on 
a graphite bath. Cool; add 50 c.c. of cone. HCl; heat a while; 
then add 100 c.c. of distilled water; heat and stir until all salts 
are dissolved; mix in the dish a lump of paper pulp from ashless 
filter papers; filter through a double 11 cm. filter paper; wash 
out the iron, etc., with 1 : 10 HCl until no iron test can be obtained 
in the washings; this generally requires at least fifty washings. 
Evaporate the filtrate and washings to dryness; dissolve; filter 
and wash as before to get the last traces of silica. Smoke off grad¬ 
ually the two sets of filter papers in a 30 c.c. platinum crucible 
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until white; do not rush this part of the ignition. When the resi¬ 
due is white, then raise the heat to the full temperature of the 
blast lamp; ignite to a constant weight. Then add to the crucible 
a half crucible fulf of hydrofluoric acid and a few drops of cone. 
H 2 SO 4 . Evaporate in a good draught to dryness (see page 438), 
and finish for silica as described on pages 47^8. The residue 
in the crucible after the evaporation with HF and weighing of 
the same is fused with 5 grams of Na 2 C 03 , the melt is cooled and 
crucible and all is placed in the main acid filtrate from the silica 
which has meanwhile been evaporating in a COO c.c. beaker oi\ the 
graphite bath to 200 c.c. 

When the contents of the crucible have all dissolved out, it is 
removed, and all of its surfaces carefully rinsed off in to the main 
filtrate. This main filtrate which should lx; now of 200 c.c. 
volume is made very faintly but distinctly ammoniacal and heated 
to just boiling for ten minutes. The piecipitate, which consists 
mainly of hydrates of iron and aluminum, may contain notable 
amounts of phosphorus, titanium, and zirconium. 

The ammonia precipitate is filtered hot onto a double 1.') cm. 
ashless filter paper but before the filtration the precipitate is mixed 
with enough finely divided ashless paper pulp so that the mix¬ 
ture of precipitate and pulp will occupy three-fourths of the filter. 
Wash with a solution of 1 gram of ammonium nitrate dissolved in 
100 c.c. of water until free of chlorine test. Redi.ssolve the precipi¬ 
tate in 50 c.c. of 1 : 1 H(^l. The best way to do this is to remove 
most of the precipitate from the paper. Pour the hot HCl through 
the bare paper several times; then stir the bulk of the precipitate 
into this same hot acid; and then pour all on the filter and wash the 
same free of chlorides. This filter and pulp must bo saved and 
burned off as part of the iron and alumina, etc., as nearly always 
some alumina remains undissolvod. Reprecipitate the filtrate 
and washings containing the Al, Ti, Zr, etc., hot with a slight excess 
of ammonia as before; filter, wash and smoke off in a platinum 
crucible together with the first paper and pulp; blast to a con¬ 
stant weight and weigh as oxide of iron, alumina, titanium, phos¬ 
phorus, and zirconium. Fuse the mixed oxides with 15 grams of 
potassium bisulphate, heating very cautiously below redness 
until white fumes begin to come off and then raise the heat slowly 
to bright red until all is in clear solution or no further change takes 
place in the molten mass. 
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When the bisulphate fusion is cool, place crucible and all in a 
400 c.c. beaker with 25 c.c. of 1 : 3 H 2 SO 4 and 75 c.c. of water and 
heat until all is dissolved. Remove the" crucible, rinsitif; it off 
into the solution. Evaporate the solution anti pour it into a volu¬ 
metric flask and dilute to the 200 ex. mark. Mix well-and divide 
into two equal parts. Pass one fflirt through the reductor at a 
speed of 100 c.c. per ten minutes and titrate for metallic iron with 
permanganate. The iron so obtained is calculat'd to ferri(^ oxide 
multiplied by 2 and deducted from the total oxides. The remainder 
is usually calculated as alumina. If it is desired to report the tita¬ 
nium, phosphorus and zirconium it is nece.ssary to Rise the ignited 
oxides, after the final blasting and weighing, in soflium carbonate. 
Dissolve the melt in IICI; divide in two parts. Convert one 
part in sulphate by evaporating to thick fumes; redissolve in 
25 c.c. 1 : 3 H 2 SO 4 and .50 c.c. of water and pa.ss through the 
reductor for the iron. The phosphorus in the other half is gotten 
out with the iron by ammonia; converted to nitrates and pre¬ 
cipitated with molybtlate solution. This can l)e calculated to 
P 2 O 5 (see page 400) and deducted. This leaves the oxides of 
aluminum, titanium, and zirconium. These can be determined 
by a .separate analysis, using the method given for the Analysis 
of Crude Zirconia (sec page 202). The usual practice is to deduct 
the iron oxide from the total oxides and call the remainder 
alumina. 


Lime and Magne.sia 

The filtrates from the two ammonia precipitations of the total 
oxides, page 408, which have been meanwhile evaporating in a 
600 c.c. beaker arc taken to 3(X) c.c. in slightly acid condition, 
having been made acid before beginning the evaporation by adding 
HCl. The lime is precipitated after making the solution again 
slightly ammoniacal, by adding to the hot liquid 40 c.c. of a 
saturated solution of ammonium oxalate. The lime is let stand 
overnight. Filter out; wash with a mixture of 10 c.c. of the oxa¬ 
late and 500 c.c. and a few drops of ammonia until free of chlorides. 

The filtrate and washings from the calcium oxalate are caught 
in a liter beaker. Add 30 c.c. of a saturated solution of sodium 
ammonium phosphate to the contents of the beaker and 150 c.c. 
•of cone, ammonia and dilute with water to 900 c.c. and let stand 
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overnight to secure the complete precipitation of the ammonium 
magnesium phosphate. Filter out the magnesium salt on a double 
9 cm. ashleas filter paper; wash it with a mixture of 50 c.c. of 
cone, ammonia, 5 fframs of ammonium nitrate, and 500 c.c. of 
water until the magnesium phosphate tests free of chlorides, when 
the washings arc aiiidulated \^th nitric acid, and a few drops of 
silver nitrate solution are added. 

Ignite the washed phosphate at the lowest redness, after first 
smoking off the filter paper until it is white. This operation 
cannot be hurried. The weight so obtained is calculated to MgO 
by the factor 0.3621. 

Should the lime amount to more than a per cent or two, the 
oxalate precipitate should be redissolved in HCl and the solution 
made slightly alkaline with ammonia and the lime again precip¬ 
itated with oxalate to insure that it is free of magnesia. This 
should also be done on a new .sample if the magnesia be found to be 
very high, in excess of 2 or 3 per cent, as lime will most likely 
contain magnesia although the lime be found to be low. Some of 
the supposed lime may be magnesium oxalate. 

In case the calcium oxalate is redissolved and reprccipitatcd 
to free it from magnesia, the filtrates and washings from the two 
precipitations of the oxalate of lime arc combined and concen¬ 
trated if necessary and the magnesia is then precipitated as 
already described. 

Complete blanks should be run on all chemicals and filter papers 
and deducted frorfi all of the elements found. When a carefully 
conducted analysis fails to account for 100 per cent, the total of 
the oxides found can be deducted from 100 per cent and the 
remainder can be reported as “alkalies by difference” or 
determined by the method given. 

The sulphur can be determined with sufficient accuracy on 
most clays by the author’s method of ignition in a hot tube in 
a current of hydrogen carrying hydrochloric acid (see page 122). 
However, for an absolute method the fusion in a mixture of sodium 
carbonate and niter, or a mixture of sodium carbonate and sodium 
peroxide as given for coke on page 476 should be used as a 
check. 
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Determination of Alkalies in Clays 

Removal of Silica.—Weigh 1 gram safnplc into a platinum dish, 
100 c.c. capacity, cover with platinum lid? Add 10 c.c. hydro¬ 
fluoric acid, heat moderately for oik; to two minutes; then add 
about 2 c.c. HNOa (1.42 ,sp. gr.). Heat five minutes longer, 
remove lid and rinse with distilled water, then add 5 c.c. H 2 SO 4 
(1.84 sp. gr.), take, to heavy fumes of SOa on stove. Ixjt cool, 
add 25 c.c. HCl (1:1); heat for two or three minutes, dilute to 
75 c.c. with distilled water, and heat until salts are in solution. 

Removal of Iron and Alumina.--'!'ransfer contents of dish to 
a 500 c.c. beaker; dilute to 500 c.c. with distilled water, make 
slightly ammoniacal with 1 : 1 ammonia; let boil two minutes, 
filter on double 15 cm. filter papers, catching filtrate in a 600 
c.c. beaker. Wash twenty-five limns with 1 per cent ammo¬ 
nium nitrate solution. Discard the precipitate, add a few 
drops of ammonia to the filtrate until it is distinctly, but not 
strongly ammoniacal, then add 20 c.c. of a saturated solution of 
ammonium oxalate and let stand several hours, preferably over¬ 
night. Filter through double 11 cm. papiirs catching filtrate in 
a 600 c.c. beaker, wash twenty times with ammonium oxalate 
wash (10 sat. sol. of ammonium oxalate 5 drops 1 : 1 ammonia, 
and 500 c.c. distilled water); discard precipitate. 

Correction for Magnesia.—Mix filtrate well, then divide 
exactly in half. Designate one portion (A), the other (B). 
Transfer one portion (A) to an 800 c.c. bclkcr, add 20 c.c. sat¬ 
urated solution of sodium ammonia phosphate. Dilute to 400 c.c. 
with distilled water, add 100 c.c. ammonia (0.90 sp. gr.) stir and 
let stand overnight. Filter through double 11 cm. papers, wash 
free of chloride with the following wash; 5 grams ammonium 
nitrate, 50 c.c. ammonia (0.90 sp. gr.) diluted to 500 c.c. with 
water. Burn off in platinum, weigh Mg 2 P 207 , deduct blank and 
calculate to MgS 04 by the factor 1.081. 

Sulphates of the Alkali Plus Sulphate of Mg.—Make (B) 
just acid with H 2 SO 4 (1 : 3), then add 4 c.c. in excess. Clean and 
weigh the original platinum dish, without lid, transfer solution 
(B) to the dish and take to dryness on stove, over moderate heat 
to avoid spitting. Expel ammonia salts by heating at 500° C. in a 
muffle furnace until white fumes are no longer given off. If 
salts are highly colored add 30 c.c. distilled water to the platinum 
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dish, heat moderately until alkali sulphates are in solution, filter 
through 9 cm. filter papers, wash twenty times with distilled 
water. Clean, dry, and iveigh the platinum dish, transfer filtrate 
to the dish and evapca’ate to dryness over moderate heat. When 
dry heat at 500° C. for five minutes, let cool in desiccator, weigh 
as Na 2 S 04 +K 2 S 04 +MgS 04 . fieduct MgS 04 obtained from (il). 
Difference equals total alkalies as sulphates. 

For general purposes, the combined sulphates of sodium and 
potassium may be considered as Na 2 S 04 , which is multiplied by 2, 
and calculated to Na20. If both soda and potash are wanted, 
the following procedure is recommended: 

Separation of K 2 SO 4 from Na 2 S 04 .—Dissolve sulphate con¬ 
tents of dish in the smallest possible quantity of distilled water, 
heat moderately for one or two minutes then transfer to a 100 c.c. 
beaker, add an excess of chloroplatinic acid, i.e., until precipitate 
settles out well or solution tecomes yellow. Evaporate until 
solution solidifies on cooling. Add 10 c.c. of 80 per cent alcohol, 
stir well, let settle, then decant the supernatant liquid through 
a 5 cm. filter paper; avoid bringing precipitate on filter. Wash 
five times by decantation, using the same strength alcohol. After 
the final decanting, rinse contents of beaker into weighed porcelain 
crucible (40 c.c. capacity) with a fine jet of hot water. Wash 
the filter several times with a small amount of hot water, catching 
filtrate in the same cnicible. 

Evaporate to dryness at 100° C., cover, with a watch glass, 
then dry for one-halPhour at 120° ('. in an air bath. Let cool in a 
desiccator, remove cover, weigh as K 2 PtClo. Deduct blanks 
for reagents, etc., from the gain in weight of crucible and calculate 
to the remainder K 2 SO 4 . Deduct the weight of the K 2 SO 4 from 
the combined sulphates of sodium and potassium; thus giving 
sodium sulphate by difference. Calculate percentage of K 2 O and 
Na 20 on a basis of one-half the original weight taken for analysis. 

K2Pta6X . 35846 = K2S04, 

Mg2P207X 1.0811 =MgS04, 

MgS04X .3349 =MgO, 

K 2 SO 4 X .5406 =K20, 

Na2S04X .4364 =Na20. 

For a standard, c.p. sodium chloride and potassium nitrate 
should be put through all operations simultaneously with the 
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tests. Any excess is deducted as a blank for each element 
determined. 


CLAYS HIGH IN ALKALIES AND NOT G(X)I> FOR REFRACTORIES 


• 

No 1 

No 2 

No .1 

Ignition. 

8 72 

.5 72 

0 18 

Silica . 

02 92 

71 43 

05 20 

Alumina. 

22 95 

17 78 

20 38 

Iron oxide. 

3 01 

2 1.5 

2 84 

Lime ... 

0 30 

0 24 

0 38 

Magnesia .... .... 

0 30 

0 41 

0 01 

Alkali (NajO). 

1 99 

1 97 

4 01 


100 31 

99 70 

99 03 

Sulphur . 

0 210 

0 088 

0 057 


ANALYSES OF CLAYS OF GOOD REFRACTORY PROPERTIES 



Silica. 

1 roll 
Oxule 

.\lu- 

tiiina 

Lime 

Man- 

ncsia 

Ikhi- 

tiun 

Sul¬ 

phur 

i 

1 Total. 

H. W 

54 98 

3 31 

28 03 

0 06 

0 5.5 

11 .38 

0 11 

99 02 

Oak. 

.52 00 

4 12 

27 .54 

0 82 

0 91 

13 74' 

0 190 

99 92 

Southern .... 

.53.80 

3 07 

27 97 

0 44 

0 54 

1 12 .58’ 0 044l 

98 44 

M-N 

47 80 

2 87 

35 95 

0 30 

Trace 

13 26 

i 0 025: 

100 20 

U. S. A 

.53 12 

2 03 

29 41 

0 04 

0..54 

12 90' 

' 

0 021 

99 20 









CHAPTER XVII 
Part I 

THE ANNEALING OF STEEL 

Annealing Temperatures.— First. Cast stcnl of all kinds that 
has never been rehealed should be first brought to a temperature of 
850°-900° C., and held there for one hour. The licat should then 
be lowered as quickly as possible to 700° to 720° C. and held at 
that temperature for ten to twelve hours. The pipes can then 
be drawn and the steel can be cooled as quickly as desired. The 
fact is, that if the steel is once perfectly annealed, it can be with¬ 
drawn from the furnace, thrown into water and it will be as soft 
as ever. The author took two pieces of steel from the same saw 
plate and annealed them, one lying on top of the other, until he 
knew both were perfectly annealed. He then withdrew the 
pieces from the furnace. One was thrown directly from the 
annealing furnace into a bucket of cold water while still at the 
annealing heat. The companion piece was cooled in the air. 
Both pieces were then pulled in the testing machine and registered 
identically as to tensile strength and elongation, etc. Steel once 
perfectly annealed can only have its softness impaired by heating 
above the annealing range. Rapid cooling of perfectly annealed 
steel has no effect whatever on its softness. 

However, if the annealer has lowered the heat before the steel 
has been entirely annealed, or in other words has not held it long 
enough within the range of temperature where that particular 
steel anneals most quickly, he stands a better chance of getting 
his steel eventually soft enough for the purpose intended by bury¬ 
ing it in ashes or lime. He thus, in reality, holds it longer within 
the range of temperature where steel anneals slowly. That is, 
the steel passes more slowly through the range of slow annealing, 
being the temperatures below 720° C., than if it had not been sur¬ 
rounded by more or less non-heat conducting substances. 

414 
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Second. The author has found that plain carbon steels, no 
matter whether the carbon be 0.50 ppr cent or 1.40 per cent, 
anneal best and most quickly between 700° and 720° C. 

This is also true of most chrome-tungsten and chrome-molyb¬ 
denum steels. It is particularly noticeable in high-speed steels, 
for if one wishes to drill a high-speed test ho can render it soft 
enough by annealing it for one-half hour at 720°, whereas it will 
lequirc two to three times that length of time to accomplish the 
same softening at lower ranges. 

Third. On the other hand, high manganese and high nickel 
content lower the annealing heat. Seven per cent nickel stt'el 
anneals to the perfectly annealed state of the carlirm at 520° to 
550° C.* Again, the author has succeenh'd in softening Iladfcld’s 
manganese steel previous to l!)t)8 so that it could be drilled 
without dulling a high-speed tool at a temperature of 520° to 
550°. The specimen of this steel that the author first experi¬ 
mented with was of tlic following analysis: 


Ppp Cont 

Carbon. ... . 1.40 

Manganese ... 13 42 

Silicon . 0 043 

Phosphorus . 0 047 

Sulphur .... .0 030 


Plates of this steel, before annealing, could not bo drilled 
even with a high-speed drill. After twentydour hours’ annealing 
a plate was drilled without sharpening the bit and the latter drilled 
the plate without “ screeching.” In fact, four holes were made in 
such a plate without resharpening. These plates were then 
taken to the planer and machined easily, but they pre.sented 
the peculiar property of being very brittle. The condition of the 
carbon by the acid annealing test showed that the carbon had 
attained almost entirely to the perfectly annealed state. 

Fourth. Steel that has been reheated and rolled or ham¬ 
mered need not necessarily be heated above 720° C.f However, if 
the furnace is heated to 850°, for example, and a lot of steel is 

• Read remarks given on page 422 on the annealing temperatures of 
different alloy steels. 

t The author has been able to get better anneals on many forged chrome- 
tungsten steels by first heating the same through for an hour or so at 850° 
to 900° C. and then holding at 720° C. 
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charged into it, it can be brought to 720° more quickly. The 
large body of cold steel will absorb its surplus heat. 

Overheated Steel. —If steel ingots are allowed to lie in soaking 
pits or reheating furnaces at temperatures approximating welding 
heats for considerable time, thq annealer’s task will te greatly 
complicated, as such steel is much harder to bring into the annealed 
state.*' Bad cases of overheating or prolonged soaking at high 
heats will require two or three times as long to anneal at the 
regular temperature. There seems to be nothing to do in such 
cases but to re-anneal until the carbon is finally brought again 
into the perfectly annealed condition. 

Fifth. Some steels in the original unforged casting that 
are of the usual high-speed analysis except that the chromium is 
in excess of 5 per cent and the carbon is 0.00 to 1.20, require unusu¬ 
ally long periods of annealing to render them drillable. The 
annealing temperature for such steels is below 700° C. 

Sixth. Steel that has been heated to 800° to 850° C. and 
quenched quickly in water or oil will attain the perfectly annealed 
condition within thirty minutes to one hour’s time at a temper¬ 
ature between 620° and 690° C., whether the carbon be 0.50 or 
0.90 per cent, that is, a quenched steel anneals at a lower tem¬ 
perature than when unquenched, and in less time. 

Formation of Graphitic Carbon and Black Fracture.—On 
three different occasions the author was called upon to investigate 
the temperature most favorable to the formation of graphitic 
carbon, or in other words, to ascertain the real cause of its pre.s- 
ence. As a result of extended experimental annealing of cold 
rolled steel he has come to assign the cause largely to annealing 
only, within a range of temperature that causes the carbon to 
assume the uncombined state. 

As mentioned, on three different occasions, three different 
lots of cold rolled steel, coming from different steel works, were 
subjected to prolonged annealings, and the progress of the for¬ 
mation of the graphitic carbon was noted. 

In two lots, the cold rolled steel was free from even traces of 
the graphite at the beginning of the anneals. Anneals were 
continued in some instances for 100 hours, but most periods did not 
aggregate over forty hours. Anneals were interrupted at eight- 

By reason of the very coarsely crystalline structure formed by the 
excessive heat. 
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to twelve-hour intervals to make annealing and graphite testa. 
Further, a 1.30 carbon tool steel ingot waa put in a lathe and turned 
down until there was nothing left of it bjit a f-inch rod. By 
prolonged annealing between the range of 660° to. 700° black 
fracture was produced. This wa» raw cast steel that had never 
been hammered or rolled or forged in any way. The conclusions 
are as follows; 

First. The higher percentages of carbon yield the black 
fracture most quickly, the range from 1.20 per cent (;arbon and 
above being the most favorable. Percentages under 1.00 per 
cent carbon are perhaps free from appreciable amounts of graphitic 
carbon, at least und(>r any conditions likely to be met with in 
practice. 

Second. The temix'rature most favorable to the quick forma¬ 
tion of graphite lies between 660° and 700° C. 

Third. The least favorable temperature for its formation, 
within the annealing and cold rolling range, is below 600°. The 
other extreme of temperature, 720° C., is also less favorable to 
its formation, but scaling goes on so fast as to give undesirable 
finish. 

Also the naturally dark, deirse color of the cold-rolled steel 
grain intensifies the blackness of the graphitic fracture, giving to it 
an even texture, making it far more apparent in the earlier stages 
of graphite formation. Graphite formation in an unwoiked cast¬ 
ing is not nearly so noticeable, although it way have progressed 
far. The precipitation seems to take place more in spots. The 
working of steel during or before graphite growth gives it an intense 
black clothlike appearance in the fracture. 

Fourth. The reason that black fracture is associated with 
cold rolling is that during this process the steel is worked and 
repeatedly reheated within the range of temperature where 
graphite forms rapidly. The steel has really had a series of 
anneals between 660° and 700° C. 

Fifth. The longer the anneal is continued of any annealing 
temperature, the more graphite will be formed. 

Prior to cold rolling, that is, when the steel gets its very first 
anneal for softening purposes only, hold it at 700° to 720° C. 
Keep it as near the highest annealing heat as possible, as by so 
doing a quick anneal is obtained without formation of graphite. 

But when reheatings occur during cold rollin.g do this reheating 
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at the lowest heat practicable, for around 580° to 600° C. graphite 
does not form as fast as at 660° to 700°, nor does scale. Lei the 
periods of annealing and reheating be as short as possible. 

Sixth. By heating .steel to 9.50° to 1000° (Ifor one or two hours, 
then turning down the gas so j,hat the steel cools in the furnace 
to 660° to 700°, and continuing to anneal at the latter temperature 
for a given length of time, graphite can be eventually formed in 
steel with carbon as low as 1.04 per cent. Therefore steel that is 
to be cold rolled should not be allowed to remain long in soaking 
pits or heating furnaces at high temperatures. 

Steel containing chromium is not likely to contain graphite 
even with carbon as high as 1.27 per cent and chromium as low 
as 0.6 per cent. The author succeeded in starting a graphitic 
formation in such a steel only by heating it to 900° to 1000° (!., 
for an hour or two tiefore annealing at 660° to 700° C. In neither 
this instance nor in the case of the 1.04 carbon plain steel did 
there seem to be any appreciable tendency for a gradual growth 
of the graphite due to prolonged annealing only, even after the 
eleventh trial, making considerably over 100 hours’ anneal. 
Perhaps if these samples had been again heated to 1000° before 
each of the eleven anneals, an appreciable growth of graphite 
would have been noted. In neither instance was there enough 
graphite formed to be noticeable in the fracture. 

To detect small amounts of graphite dissolve 0.100 gram of 
sample in a 152.4 mm. by 16 mm. tube (0 inches by 16 mm.) 
with 4 c.c. 1.20 nitric acid and heat on a water bath in boiling 
water for two hours in the case of chrome steel and one hour in 
plain carbon steel. Of course, where the chromium content exceeds 
a few tenths of a per cent carbides of chromium are formed that 
are in no sense graphitic. For this reason the acid test for graphite 
is not available in such steels. Permit the solution to stand for 
several hours without agitation of the same to detect traces of 
graphite which can be plainly seen in this way in the bottom of 
the tube. 

Acid Test for Annealing.—* Dissolve 0.100 gram of sample 
in 4 c.c. of cold 1.20 nitric acid. Examine immediately in day¬ 
light. If the undissolved carbon is flaky and floats about in the 
solution the steel is not annealed at all. It is in the condition 

* Reject surface drillings to the depth of at least one-eighth of an inch 
when taking a sample for annealing test. 
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in which it left the rolls or hammers. If on the other hand the 
carbon is in an extremely fine state of division, so much so that it 
does not separate in flakes at all, hut rather tends to run up the 
sides of the test tube in a thin film, then the annealing is |)erfoct 
and the steel has reached the highjwt degree of .softness. 

In perfectly annealed steel this finely divided annealed carbon 
will remain in almost complete! suspension for some minutes. 
Indeed it cannot be seen to colle(!t and settle as flakes, but settles 
imperceptibly, after some time, so that there exists a collection 
of fine powder, rather than flakes, in the bottom of the test tute. 
An ordinary 6-inch by 15-mm. carbon test tube * is t)e.st suited 
for these tests. Then, if it is desired to examine the sample for 
graphitic carbon, the tube is put at on(!e on a waU'r bath in boiling 
water for one hour. By that time all of the combined carbon 
will have gone into solution and th(! graphite will be collected in a 
coal-black residue in the bottom of tiu! tube. 

The operator soon learns to pronounce to an absolute 
certainty whether the steel is perfectly annealed or not. He 
also can judge whether much or little graphitic! carbon is 
present. 

This annealing test is carried out in ten minutes, and enables 
the chemist to pronounce unfailingly on the cjuality of the annealing 
before the steel is shipped to the customer. It gives a perfect 
control over the work that is being done by the man in charge of 
the annealing. A scale of annealing can be (Established. It has 
been the author’s custom to (!all perfect annealing, 5°. Good 
enough for all practical purposes, 4j°. Moderately good, 4°. 
Partially annealed, 3°, and so on. The quicEker the (!arbon forms 
in flakes and separates, the poorer the anm!aling. As stated, 
perfectly annealed carbon docs not separate in flakes at all. 

Annealing Test When Alloys are Present— When from O.l 
p)er cent to 1 per cent chromium is present in steel the annealing 
carbide is formed and acts differently from carbon in plain steel. 
It forms almost coal black; is not flaky; but the individual 
grains are coarser than in plain cartmn steel. 

A well-annealed chrome carbide within the above chromium 
content forms in minute coal black grains that settle rapidly 
to the bottom of the test tube. The quicker the grains form, 

• Test tubes must be scrupulously clean, free from the slightest film of 
grease, or dirt, or other coating. 
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the blacker they are, and the more rapidly they settle to the 
bottom, the better the, anneal. 

This peculiarity^ constitutes an infallible test for the presence 
of chromium in .steel, but the latter must be perfectly annealed 
to show as small a quantity jis 0.1 per cent chromium in 0.100 
gram of sample. More experience is required to pronounce 
on the annealing of chrome steel by the acid test. 

In well-annealed steel containing 3 per cent of chromium and 
over, the carbide is coal black but does not settle to the bottom 
nearly so fast as does the carbide found in perfectly annealed 
steel of 1 per cent chromium and under. The grains settle slowly, 
and there is a well-defined film running up the walls of the test 
tube, but the grains should be in the finest state of division. 

Plain tungsten steel, in the perfectly annealed state, gives 
practically the same appearance as ordinary carbon steel when 
tested for annealing. 

Nickel and manganese steels act exactly as plain carbon steel 
when perfectly annealed. The color of the finely divided annealed 
carbon has perhaps more of a brown shade in high manganese 
and nickel steels, but it does not settle any faster than in plain 
carbon steels. One of the greatest difficulties in annealing steel 
is to obtain uniform heat throughout the entire furnace. The 
dividing line between a good annealing heat and hardening tem¬ 
perature is very sharp. The author has had a piece of steel but 
2 inches long exhibit perfect annealing on one end, while the 
other end had passed into the hardening range. He has also 
another piece that shows black fracture on one end, and the other 
end less than 2 inches away shows no trace of black fracture. 
These phenomena are due to unequal temperature in the furnace. 

An annealing furnace should have several pyrometer couples 
located in different parts of it. 

Calibration of Pyrometer Couples.— Pyrometers should be 
checked at regular intervals. The most convenient method is 
to use the freezing-point of c.p. sodium chloride. This substance 
freezes at 804° C. A few ounces of the salt can he heated some¬ 
what above its melting-point in a muffle furnace. The salts should 
be melted in a good clay crucible of low iron content such as the 
best grade of Denver crucible. The crucible is removed quickly 
from the furnace and placed in a receptacle made of infusorial 
brick of just the right size to hold the crucible. The apparatus 
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can be covered with a non-hcat conductor provided with a hole 
to admit the fused end of the couple. The bare wires of the 
platinum-rhodium couple can be put directly in the fused salt. 
The temperature of the molten salt is then reacf every ten seconds; 
and when the drop in temperaturj remain.* stationary for 100 
seconds, this reading is taken as the freezing-point. If the 
galvanometer of the instrument reads lower than 804° this 
number of degrees must be added to its future readings. If it 
reads so many degrees higher than 80-1° C. its readings are 
reduced by that amount. 

It desired, the instrument can l)e also calibrated against the 
freezing-point of potassium sulphate (lv.;.S() 4 ). which freezes at 
1072° V. And for a low range, against that of potas.sium nitrate, 
which freezes at 337° C. Taking all three salts, three freezing- 
points are obtained from which a curve can lx; plotted. 

The freezing-point of salt (NaCl) is the most accurate one 
of the three. Fresh .salts should be used each time. Barium 
chloride c.p. (anhydrous) freezes at 955° C. This salt can also be 
applied to the purpose. 

It should be stated that the ten second interval in the readings 
of the dropping temperature was chosen l)ecause it was found that, 
with the heat insulation chamlM^r used, the temperature dropped 
at regular intervals of ten seconds. This interval of drop can I e 
lengthened by incrca.sing the thickness of the chamt)er walls ard 
shortened by using a thinner layer of infusorial earth in the walls. 

In like manner a change in the heat insulation layer will change 
the time period of the much longer pause noted above and that 
occurs when the salt freezes. 



CHAPTER XVII 
Part II 

(1) FURTHER ANNEALING TEMPERATURES. (2) SURFACE 
DECARBONIZATION 

Supplementing the annealing teniporaturcs given on page 
41.5, one can calculate approximately the test annealing 
temperature for manganese and nickel steels by deducting from 
720° C., 185 ° for every per cent of manganese or nickel present; 
and on account of the similarity of cobalt to nickel the pre¬ 
sumption is that the rule holds good for cobalt also. To deter¬ 
mine exactly the best annealing temperature, one should first 
determine the critical point of the steel and then anneal it just 
under the critical point (Ar 2 ). If one has no apparatus for critical 
point, then recourse can be had to the above (calculation. The 
result can be checked by the acid annealing test given on pages 
418 and 419 and the annealing trials continued until the chemical 
test shows the annealing is perfect. 

Annealing Temperature for Chrome-Manganese Steel and 
Chrome-Nickel Steel.—In such steels there exists two independent 
annealing temperatures, that is, the steel must be given an anneal¬ 
ing as though it were chrome steel or first soaked at 850° C. and 
then held at about 720° C. and then the temperature should be 
lowered and the nickel annealed as though it were a manganese 
steel, or a nickel, or cobalt steel, only. 

Some of these manganese-chrome steels require as low as 
350° to 450° C. to soften the manganese combination therein. 

Twelve per cent nickel steel of low carbon (0.50 per cent 
carbon) anneals well at about 500° C. Highly alloyed chrome- 
tungsten-vanadium steels with carbon over 1 per cent, alloyed 
further with 2 or 3 per cent of copper, must first be annealed 
for some hours at about 850° C. and then, curiously enough, 
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must be given as low an annealing as though 10 to 13 per cent 
of manganese were present. It is necessary to perform the 
annealing in this way before the steel call be drilled at all, even 
with the best Rex AA drill. The same kind* of a steel with low 
carbon of about 0.60 per cent C. dc^s not require the low anealing 
temperature. This is a striking example of the fact that carbon 
has a marked influence on the annealing temperature in some 
cases. 

The Formation of “ Bark ” or Decarbonized Surface on Pipe- 
Annealed Steel.—Several years ago the author investigated the 
cause of this troublesome soft surface and his conclusions were 
published in the following paper: 


The Formation of White Scale on Steel and the Surface 
Decarbonization of Pipe-Annealed Steel * f 

When bars of steel are annealed in pipe's, with charcoal, to 
produce a scale-free, frosted, metallic finish, there is frequently 
found at the surface of the metal a coarsely crystalline structure 
H, G, Fig. 34, that is much lower in carbon content than the 
remainder of the bar. Such steel will not harden file-proof on 
the outside. It is rejected for that reason by makers of twist 
drills, though this defect Ik! so slight as to require a magnifying 
glass for its detection. 

In pipe-annealing the bars are put in a steel tube that is 
welded shut at one end. The spaces between the pieces are 
filled in with wood charcoal. The open end of the pipe is plugged 
with fire brick, fire clay, and a disc of plate steel. A small vent 
hole is located at one end of the pipe to jiermit the escape of the 
large quantity of carbon monoxide that is generated by the 
reaction between charcoal and the air yet remaining in the vessel. 
As apparently dry charcoal often holds considerable moisture 
in its pores, some water vapor must also lie liberated. 

The superficial decarbonization G, H, /, Fig. 34, is at times 
much more pronounced than at others. The author became 
interested to investigate the process with a view to discovering 

• From a paper read at the March, 1909, meeting of the Pittsburgh 
Section of the American Chemical Society. 

t Reprinted from the Journal of Industrial and Engineering Chemistry, 
Vol. I, No. 7, July, 1909. 
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the primary cause of this very ol)jectionable feature of annealing 
in a closed tulrc. 

In the first place it was soon notc<l’fhat the condition fnv 
quently exists in steel before it reaches the annealer, due to 
forging at too high temperaturi's. 

Again, it was deemc'd possible*!hat the scale, always existing 
on the steel when it is put in the pipes, might react with the 
charcoal to form ('()•... Further, that the latter gas would, under 
the existing conditions, decarbonize the steel by the reaction 
C02+C=2C0. 

To test this theory some five-eighth inch Hd., high-carbon 
steel rods were placed in a porcelain tube and heated for eighteen 
hours with a slow stream of pure, dry carbon dioxide passing 
through the enclosure. The following points were noted: 

First. A glittering black scale was produced on the fractured 
or otherwise unpolished surfaces of the bars. On fracturing 
the latter, a distinct ring of coarse crystals was found to exist 
at the margin of the fractures, 'Fins scale has a curious prop¬ 
erty of adluM'ing in a thick, sparkling black mass on rough 
fractured surfaces, but when polished steel is ex|)Oscd, at a red 
heat, to the attack of C’ 02 , only a black discoloration resulted. 
The scale referred to, proved on analysis, to be FcsOt. This 
experiment showed that carbon dioxide may cause “bark” 
(surface decarbonization) but not to a marked enough extent 
to offer a satisfactory explanation. 

Second. Some pieces of the same bar were heated in a stream 
of pure, dry hydrogen. A frosted metallic surface was produced 
and also a slight “bark.” Hydrogen, therefore, will decarbonize 
steel by forming hydrocarbons. 

Third. Next, a piece of the bar was heated in the closed 
porcelain tube, packed loosely with charcoal. First air was 
expelled, but, as the heat attained slight redness, large quantities 
of CO escaped at the outlet end. After an eightocn-hour heat¬ 
ing, at about 750° to 780° C., a handsome’ frosted, metallic 
surface had displaced the black oxide and much decarbonization 
was noted. The carbon content of the bar before annealing 
was 1.08 per cent. The decarbonized zone yielded but 0.84 
per cent. 

Fourth. Thinking that CO gas might be the active agent in 
(3), a small clay boat was filled with about a tablespoonful of 
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charcoal. The boat was then placed in the tube with a piece 
of the steel and the usual period of heating followed. The result 

was the same as in the Ihird experiment. 

< 

Note. Annealing in a .stream of natural gas produced a sooty exterior 
and a heavy “ bark ” (see J, Fig. 31.) 

Fifth. The fourth trial suggested annealing a piece of steel 
in an empty, closed tube with no charcoal or other reducing 
substance. No attempt was maile to remove the air except as 
it was partially driven out at the vent end by expansion. The 
only precaution taken was to prevent indrawiiig of more air, at 
any time, while the tube was hot. The same result was obtained 
as is shown in the white bars at C, Fig. 35, that is, an aluminum¬ 
like surface with great decarbonization underneath. This experi¬ 
ment was repeated with steel containing but 0.10 per cent carbon 
and also with steel containing large quantities of chromium and 
tungsten. The 0.10 carbon steel is given at B, Fig. 35. 

The author felt that he had now reached the first goal and that 
the most active agent in surface decarbonization is the rust or 
scale which is actually reduced to metal at the expense of the 
carbon in the steel to which it adheres: 

4 C-|-Fe 304 = 3Fc-|-4C0. 

In this connection the question arose, would steel with an 
extra heavy, loosely adhering scale perform in like manner. Or, 
in other words, is close contact necessary for reduction. To 
settle this query a small piece of quarter octagon of saw analysis 
was given a prolonged heating in an open muffle at about 850° 
C. This treatment blistered the bar with a thick scale that 
was so loose that the sample had to be transferred to the anneal¬ 
ing tube quite carefully to prevent the scale from being jarred 
off. After fifteen hours’ heating no change was noted, that is, the 
scale was still black. After a second heating of eighteen hours 
the surface of the scale presented a slight grayish caste. After a 
third period of eighteen hours’ heating it was found that the heavy 
black scale was gone and, in its place, a white, loosely adhering, 
aluminum-like scale existed on the steel. Here, apparently, 
the black scale had begun to reduce on its top surface first. 

This fact pointed to the existence of a reducing gas in the 
tube. 




Fig. 


428 THE SURFACE DECARBONIZATION OF STEEL 


Sixth. The author then placed a piece of high-carbon steel in 
the tube, together with a porcelain boat containing some hard, 
semi-fuscd iron oxide Obtained from a carbon combustion of 
steel drillings in oxjgen. This hard, baked mass D, Fig. 34, 
was given eighteen hours’ heating at a temperature of about 850° 
to 900° C. The porcelain boat ^as removed and found to contain, 
instead of a dense baked mass, a loose, friable substance, and 
that the volume of it exceeded the original about 2| times. The 
steel that had been in the tube was then fractured. It was 
exceedingly tough and disclosed a heavy surface decarbonization 
G, Fig. 34. The loose sponge of oxide was put back in the tube 
with a fresh piece of steel and given a second heating. This 
time the substance E, Fig. 34, in the boat had become light- 
gray in color and was no longer friable but was now adherent 
and almost sticky in its clinging fibers. This material assayed 
98 per cent metallic iron and, on being cut with a knife blade, 
presented a metallic luster. It occurs that here is a means of 
preparing pure metallic iron from pure oxide by heating it in a 
closed tube with a sealed vent (the author used concentrated 
sulphuric acid for a seal), together with a piece of low sulphur, 
high-carbon tool steel. Before turning off or lowering the heat 
it is, of course, necessary to close all vents perfectly, otherwise 
air will be drawn in the tube and metallic iron surfaces will lose 
the aluminum-like luster and become blued. Metallic iron so 
prepared should certainly be free of occluded hydrogen, which 
constitutes an obje6tion to electrolytic iron. Some specular iron 
ore was ground to a red powder and then reduced to a gray 
powder in this way. 

A piece of steel A, Fig. 35, that had been lying in water for 
weeks and was covered with both black and yellow oxides was 
heated in an empty, sealed tube. The result was a white me¬ 
tallic surfaced sample. A piece of blue steel was heated four 
hours in an empty tube and the blue surface was replaced by a 
white aluminum-like one. 

Seventh. Further experiments developed the fact that this 
white scale forms much more rapidly at high temperatures, that 
is, those above 700°. The higher the heat the more rapid the 
transformation from rust and black scale to the white and 
metallic scale. This white scale takes on the white appearance 
long before it is entirely reduced to metal. The author has had . 
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white scale that would be brittle and grind to a black powder. 
However, when the reduction is complete the scale is no longer 
brittle and cannot be powdered, but is eatirely metallic in its 
properties. 

Eighth. The corollary from tlA fact that white scale form.s more 
slowly below 750° C. is that, at still lower ranges, jwrhaps b(>low 
650°, it may not form at all. Further ex|K‘riments covering this 
point will be made. 

Ninth. By annealing steel in a closed tube with a small vent 
to permit egrc.ss of gases but sealed against ingres.s of air, at 
temperatures close to 700° V., thi' surface deearbonizution is .so 
slight that no ring of coarser crystallization can lie detected. 
Only a cupped effect can be noted around the margin of the 
fracture (.sei* F, Fig. 34), yet such steel will take on a suggestion 
of the aluminum-like finish. Here thi' surfaei' deearbonization 
is confined to the thinnest skin. Such sti'cl hardens file-proof 
immediately under this extremely thin zone. 

Tenth. By annealing steel that had been polished fix'e of all 
rust and scale, in a tube from which all oxygen hud been 
expelled by CO, no surface deearbonization was notixl and tiie 
.steel hardened file-proof, d'he CO was generated by heating 
wood charcoal. 

Eleventh. A rod of iiolished steel was dipiied in a solution 
of copper sulphate until it was plated with metallic copper. 
After heating this rod in a closi-d tube, willfout expulsion of the 
air, for a few hours, the rod was removed from the tube and was 
found to be coated with a haiulsome ap|)earing metallic copper. 
During this experiment the tube was sealed against ingre.ss of 
oxygen. 

Twelfth. By heating tungsten trioxide in a closed porcelain 
tube, and together with, but not in contact with, either a piece 
of steel or steel drillings, the author was able to produce metallic 
tungsten powder of 99.98 ptT cent purity. The temperature 
required for this experiment was 1100° C. The tungsten oxide 
was'in one porcelain boat and the steel drillings were in another. 



CHAPTER XVIII 
Part I 

THE COMPLETE ANALYSIS OF LIMESTONE AN0 MAGNESITE 

(1) Dissolvk 0.9 or 1.0 gram of the sample in 50 c.c. of 
1 : 1 HCl in a No. 5 (4| inch) covered dish. Boil until all 
action is over, remove the cover and evaporate to dryness on 
the graphite hath; heat until the smell of acid is practically all 
gone. Cool; add 40 c.c. of 1 : 1 HCl; cover; boil with the 
lid on and evaporate to 20 c.c.; add 50 c.c. of water; boil with 
the cover on for a few minutes; add ashless paper pulp; filter; 
wash, first with dilute 1 : 40 HCl, and then with water until 20 
drops of the washings do not give even a slight milkiness with 
silver nitrate solution. Smoke off the paper in a platinum 
crucible and then raise the heat to bright redness until all black 
i.s gone and the ash in the crucible is from a pure white to a gray 
depending on the grade of the limestone. Weigh the ash after 
it has becm cooled ip the desiccator and calculate it as insoluble 
residue. Fuse this insoluble residue, which consists of silica 
contaminated with some lime, oxide of iron and magnesia, with 
twenty times its weight of anhydrous sodium carbonate; dis¬ 
solve the residue out in water in a platinum dish with heat or 
in porcelain in the cold in HCl if no platinum dish is available; 
acidulate the water solution with an excess of HCl; heat with 
the lid on until all spraying due to the escape of carbon dioxide 
IS over and evaporate to hard dryness, twice, filtering after each 
evaporation. Moisten the residue in the dish with 10 c.c. of 
cone. HCl; heat; add 50 c.c. of water; boil five minutes; 'add 
a little paper pulf); filter and wash as in the case of the insol¬ 
uble residue; ignite until the ash is pure white and weigh as 
pure silica. As an extra precaution against the presence of 
sodium salt it is more accurate to volatilize silica as in steels 
with HF and a few drops of H2SO4. 
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(2) Tlie filtrate from the pure silica is added to the main 
filtrate and washings obtained from the jnsoluble residue. These 
combined filtrates contain all of the calciijm, magnesium, iron, 
and aluminum. A slight excess of ammonia is added to the 
nearly boiling filtrates to precipiiate the iron and aluminum. A 
little paper pulp is well stirred in; the hydroxides arc filtered 
off; washed with water; redissolvcd, and precipitated as tefore 
to insure the complete separation of the calcium and magne¬ 
sium from the iron, etc. The reprecipitated iron, etc., is washed 
free of chlorides with water and ignited to a constant weight in 
a platinum crucible as Fc 2 (),i, AI^Os and calculated as such to 
percentage. 

The filtrates from the double precipitation of the iron are 
combined, evaporated to OIK) c.c., heated to boiling, and the 
calcium is precipitated with 50 c.c. of a saturated solution of 
ammonium oxalate. This amount of oxalate is added not only 
to precipitate the calcium but to insun' an excess of the? oxalate 
in sufficient quantity to hold the magnesium in solution as the 
latter is soluble in an excess of the oxalate. When magnc'sium 
is present in considerable quantity, it has a decided tendency to 
precipitate some time after the oxalate is added, forming (Tusts 
of magnesium oxalate. To reduce this formation to a minimum, 
the exce,ss of free ammonia should be small. Do not lx)il the 
solution after the ammonium oxalate has bec'n added. Always 
redissolve and rcprecipitate th(' oxalate of yalcium as described 
in the method and in the way just given, avoiding much excess 
of free ammonia. 

The oxalate of calcium should stand for at least .several hours 
when it is filtcrcrl off, after mixing it with considerable paper 
pulp. Wash it with oxalate water (5 grams of ammonium 
oxalate dissolved in 500 c.c. of water) until the washings, acidu¬ 
lated with a few drops of nitric acid, fail to give a reaction with 
silver nitrate. The calcium oxalate, to insure against the co-pre¬ 
cipitation of a portion of the magnesium, should te dissolved 
in HCl, the filter thoroughly washed and the calcium reprecipi¬ 
tated as before, this time adding 25 c.c. of the ammonium 
oxalate. The reprecipitated calcium oxalate is filtered, washed, 
ignited, and finally blasted to constant weight as calcium oxide, 
which weight multiplied by 1.7847 gives the equivalent weight 
of calcium carbonate which is calculated to percentage as such. 
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The filtrates and washings from the two precipitations of 
the calcium oxalate are ^combined and evaporated to about 200 
c.c. in the case of limestone, or to about 400 c.c. if magnesite. 
The solution, which should contain no crystals, is made slightly 
ammoniacal and 20 c.c. of a saturated solution of microcosmic 
salt are added if the sample is limestone; if it is magnesite, 50 c.c. 
of the latter salt arc used. The volume is then increased one- 
third with strong ammonia. The solution and precipitate are 
given a prolonged stirring, especially if the precipitate is slow 
in forming. After twelve hours have elapsed the ammonium 
magnesium phosphate is filtered off and washed free of chlorides 
with a mixture of 80 c.c. of cone, ammonia, 400 c.c. of distilled 
water and 5 grams of ammonitim nitrate. The rvashed pre¬ 
cipitate is smoked off in a platinum crucible and then the heat 
is raised to bright redness. The residue in the crucible is stirred 
from time to lime until it. is finally pure white. It is cooled 
in a desiccator and weighed as magnesium-pyrophosphate, 
which multiplied by 0.7572 gives the equivalent weight of mag¬ 
nesium carbonate. 

The calcium oxide and the magnesium pyrophosphate, after 
having been ignited to a constant weight, should be dissolved 
in HCl and the milligram or two of silica that is .almost invariably 
present should be filtered off, washed, weighed, and deducted 
from the calcium oxide and the magnesium phosphate before 
the final calculation^ to carbonate are made. 

The filtrates and washings both from the calcium oxalate 
and the ammonium magnesium phosphate should be tested in 
every instance with further additions of the precipitants to 
make sure that precipitations have been complete. 


SOME ANALYSES OF LIMESTONE 


1 No 1 

No 2 1 

1 N 0 3 1 

No 4 

No 5, 

No 0 


% 

7 « 

% 

% 

% 

% 

Calcium carbonate. 

94 20 

193.21 

194.71 

98 80 

81 35 

90 30 

Magnesium carbonate. 

l.,51 

1.44 

2.02 

0 26 

3 08 

F.86 

Oxides of iron and aluminum... 

0.09 

3 20 

1.46 

0 26 

3.12 

2 46 

Silica or insoluble residue. 

4.16 1 

1 SO 

1.46 

0 31 

1 

11 68 

; 5.26 


Samples Nos. 2, 3, and 4 arc good limestones for basic open hearth pur¬ 
poses, being low in silica and over 93 per cent in calcium carbonate. Nos. I 
and 6 are doubtful and No- 5 is distinctly bad. 
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(2) Tlie filtrate from the pure silica is added to the main 
filtrate and washings obtained from the jnsoluble residue. These 
combined filtrates contain all of the calciijm, magnesium, iron, 
and aluminum. A slight excess of ammonia is added to the 
nearly boiling filtrates to precipiiate the iron and aluminum. A 
little paper pulp is well stirred in; the hydroxides arc filtered 
off; washed with water; redissolvcd, and precipitated as tefore 
to insure the complete separation of the calcium and magne¬ 
sium from the iron, etc. The reprecipitated iron, etc., is washed 
free of chlorides with water and ignited to a constant weight in 
a platinum crucible as Fc 2 (),i, AI^Os and calculated as such to 
percentage. 

The filtrates from the double precipitation of the iron are 
combined, evaporated to OIK) c.c., heated to boiling, and the 
calcium is precipitated with 50 c.c. of a saturated solution of 
ammonium oxalate. This amount of oxalate is added not only 
to precipitate the calcium but to insun' an excess of the? oxalate 
in sufficient quantity to hold the magnesium in solution as the 
latter is soluble in an excess of the oxalate. When magnc'sium 
is present in considerable quantity, it has a decided tendency to 
precipitate some time after the oxalate is added, forming (Tusts 
of magnesium oxalate. To reduce this formation to a minimum, 
the exce,ss of free ammonia should be small. Do not lx)il the 
solution after the ammonium oxalate has bec'n added. Always 
redissolve and rcprecipitate th(' oxalate of yalcium as described 
in the method and in the way just given, avoiding much excess 
of free ammonia. 

The oxalate of calcium should stand for at least .several hours 
when it is filtcrcrl off, after mixing it with considerable paper 
pulp. Wash it with oxalate water (5 grams of ammonium 
oxalate dissolved in 500 c.c. of water) until the washings, acidu¬ 
lated with a few drops of nitric acid, fail to give a reaction with 
silver nitrate. The calcium oxalate, to insure against the co-pre¬ 
cipitation of a portion of the magnesium, should te dissolved 
in HCl, the filter thoroughly washed and the calcium reprecipi¬ 
tated as before, this time adding 25 c.c. of the ammonium 
oxalate. The reprecipitated calcium oxalate is filtered, washed, 
ignited, and finally blasted to constant weight as calcium oxide, 
which weight multiplied by 1.7847 gives the equivalent weight 
of calcium carbonate which is calculated to percentage as such. 
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By the equation 2 KMn 04 + 5 H 2 C 2 O 4 + 3 H 2 SO 4 = K 2 SO 4 
+2MnSO4+8H2O+10CO2; 2 KMn 04 = 5 H 2 C 2 O 4 , hence 2 KMn 04 
= 5Ca, or 316.06 parts by weight of KMn 04 correspond to 
200.35 parts of calcium, or 3.16 grams of KMn 04 , N/10 dissolved 
in a liter volume will have Rvalue of 1 c.c. equals 0.002 gram 
of calcium. 
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Part II 

THE ANALYSIS OF OPEN-HEARTH BOTTOM SAND 
AND FIRE-BRICK 

The sample is ground to tlie fineness of flour in an agate 
mortar. It Ls then dried for one hour at a temperature of 105° 
to 110° C. While the dried sample is still warm, it is put into a 
clean, dry glass-stoppered bottle, where it is cooled before using. 
One gram and, for a check, 0.9 gram arc taken for the analysis, 
being weighed into 30 c.c. platinum crucibles together with 
10 grams of anhydrous sodium carbonate. This flux is well 
mixed with the sample by stirring it with a wire. The thorough 
mixture of .sample and carbonate is heat(;d gradually to redness 
and kept at a bright red lu'at until the mass in the crucible, 
which should be in a molten state, is in quiet fusion, that is, 
with no bubbles of CO 2 escaiiing. 

The melt is then cooled, and the cruc'ible and contents are 
placed in a platinum dish, containing about lOt) c.c. of water 
which is kept just below boiling until the'‘fusion is dissolved, 
leaving only a stain in the cnudble and a floating mass in the 
dish which should be free from grit. The dissolved fusion is 
then transferred to a 600 c.c. cas.scrole and acidulated with 
50 c.c. of cone. HCl, keeping the casserole covered with a watch 
glass during the very gradual addition of the acid. (In case a 
platinum dish is not at hand, dissolve the fusion in a casserole, 
in an excess of 1 : 1 HCl.) 

The crucible in which the fusion was made is warmed with 
5 c.c. of 1 : 1 HCl in it, to dissolve the traces of iron that still 
adhere to its inner walls. These cleanings are added to the 
main part in the casserole which is now warmed with the cover 
on until the carbon dioxide is mainly expelled. The watch glass 
cover of the casserole is rinsed off and evaporation to dryness 
follows. To render the silicic acid insoluble, the dry residue in 
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the casserole is given a further heating at a temperature of about 
120° C. for an hour. Care should be taken not to exceed this 
temperature to avoid the possibility of loss of iron by volatiliza¬ 
tion of its chloride'. 

The thoroughly baked residue is cooled; moistened with 
cone. HCl, using about 20 c.d! of the acid, to dissolve the oxides 
of iron and aluminum; heated with the cover on to insure 
complete solution of the oxides; warmed with 200 c.c. of dis¬ 
tilled water for a half hour with frequent stirring to secure as 
nearly as possible a perfect extraction of the large quantity 
of sodium chloride formed. Ashless filter pulp is added to the 
extraction, after it has been cooled, and stirred in with the now 
insoluble silicic acid. The mixture of pulp and silicic acid is 
poured on a double 15 cm. filter, that is, on to a filter consisting 
of two papers folded together. Such a filter will invariably 
secure more rapid and perfect filtration in the long run than a 
single filter. 

The pulp and precipitate are washed, alternately, with water 
and 1 : 20 HCl until the washings are free from iron test, no 
longer giving a reddish tint with potassium sulphocyanate solu¬ 
tion. Then the washing is continued with cold water until a few 
drops of the washings yield no white turbidity when tested with 
a water solution of silver nitrate. The filters and pulp are then 
removed to an air bath and dried at 120° C. until most of the 
water is gone. The filtrate and washings are evaporated to 
dryness, warmed ‘with acid, leached with water, filtered, washed 
free of iron and chlorides, as before, to obtain that part of the 
silicic acid that may have escaped complete dehydration in the 
first evaporation. 

The filtrate and washings from this second filtration are 
retained for the main part of the iron, aluminum, calcium, and 
magnesium. This filtrate and washings for reference are desig¬ 
nated as A. The residues on the filters from the first and second 
evaporations, after having been freed from the excessive amount 
of wash water retained by the pulp, by drying in the air bath, 
are placed in as large a platinum crucible as is available and the 
volatile matter in the paper is smoked off, cautiously. The 
crucible is then brought slowly to redness and the heating is 
continued until the ash in the crucible is pure, white. The blast 
is applied for ten minutes, the crucible is cooled in the air for a 
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moment, and placed in a desiccator until entirely cold, when it 
is weighed. The crucible is blasted again, cooled, and weighed 
until a weight is obtained that does net differ from the last 
weight more than 0.0002 gram. This weight is taken as the 
final weight of the total silica together with a few milligrams of 
the Ca, Mg, Fe, Al, Ti, and a Ihtle of the sodium salts that 
cannot be entirely washed out. The true silica is then gotten by 
the loss of weight by volatilization with about 20 c.c. of hydro¬ 
fluoric acid and 10 drops of cone, sulphuric add, as in steels. 
The HF is added a little at a time to prevent loss by too violent 
escape of the silicon fluoride. The evaporation is carried on in a 
good draught until thick fumes of the sulplmric anhydride appear. 
It is advisable to evaporate off the HF in a specially prepared 
place to prevent the etching of the hood windows. Such an 
arrangement can lx; built in a wide; chimney in the form of an 
arched space. The author places therein a large agateware pan 
filled with a layer of graphite. To provide a clean spot on 
which to stand each crucible a nundter of nickel disks or lids of 
nickel crucibles are arranged on top of tlic graphite. The pan is 
heated with a Bunsen burner. About two feet above the pan, 
supported by offsets in the brickwork, is a hard aslxistos board one- 
quarter inch thick, which entirely prevents any foreign matter 
from falling into the open crucibles during the evaporations. A 
still better plan is to construct a small reverberatory furnace, lin¬ 
ing it with asbestos board, heating it from above by a flame 
behind a bridge wall. Of course such a furna(xv is never allowed to 
get above a drying heat for these evaporations. Fig. 36 shows 
the construction of such a furnace, which with natural gas and 
compressed air can be brought to 1300° C., or can be kept at a 
mere desiccating heat by burning a small yellow flame in the 
combustion chamber C. 

When the fumes of sulphuric anhydride no longer appear, 
the crucible is removed from the drying chaniter and heated to 
low redness only, in order to drive off any remaining sulphuric 
acid,, and yet not hot enough to volatilize any sodium salts that 
may have contaminated the silica and remained behind after the 
latter was evaporated away as fluoride. The crucible is then 
cooled in the usual way by placing it, while it is still warm, in a 
desiccator and then weighing it when cold. This weight is 
deducted from the previous weight of the crucible and its con- 
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tents obtained by blasting to a constant weight. The difference 
so obtained is calculated to percentage as silica. 

If the analyst wishes to be entirely certain that all of the 
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silica has been completely removed, he should repeat the evapo¬ 
ration with HF, using but 10 c.c. of the acid and also 10 drops 
of the H 2 SO 4 . If the crucible docs not lose any weight on the 
second evaporation and ignition then the operator has proved ' 
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the work. As previously stated, the residue in the crucible, 
after these evaporations, may contain traces of all of the elements 
present in the sand except silica. Therefore, the residue is fused 
with twenty times its weight of the sodium carl>onate and is 
dissolved out as in the original ijiain sodium carbonate fusion 
of the sample, and the acidulated fusion and the cleanings of 
the crucible are added to filtrate A which will now contain the 
total Ca, Mg, Al, Fe, and Ti in the sand or brick. 

Filtrate A is now evaporated to 350 c.c., heated to nearly 
boiling and filtered; 1 : 1 ammonia is added to it until it smells 
slightly but distinctly of ammonia. Much excess of ammonia 
will prevent a part of the aluminum hydroxide from precipi¬ 
tating. To avoid the tedium of long boiling, add the slightest 
possible excess of ammonia. If the solution smells strongly of 
amn onia, then the excess of the latter should be neutralized 
with some HCl. Having the conditions of .alkalinity just right, 
the solution is boiled for five minutes, the beaker is removed 
from the fire and some paper pulp is stirred in, in large or small 
(piantity according as the precipitate seems large or small. 
The precipitate, which will contain all of the Fe, Al, Ti, and 
P in the Siample, is filtered off on a double filter and washed 
with a solution consisting of 5 grams of ammonium nitrate dis¬ 
solved in 500 c.c. of water. This is continued until the washings 
do not give the test for chlorides with silver nitrate. 'Fhe precip¬ 
itate is dissolved off the filter with hot HCl and reprccipitated 
as before with ammonia; filtered, and wa.shed. The second 
precipitate is burned off and blasted to a constant weight as 
in the case of the silica. The weight obtained is recorded as 
Fe203, AI2O3, Ti02. 

The combined oxides are then dissolved by prolonged heating 
with cone. HCl, and if any white, floating residue remains insol¬ 
uble it is filtered out; washed thoroughly in the same way as 
the main silicic acid, weighed, deducted from the total weight 
of the iron oxide, etc., and added to the total silica. The filtrate 
from* this milligram or two of silica is reduced with stannous 
chloiide and the iron titrated with the dilute potassium dichro¬ 
mate, page 442, or converted to sulphate and passed through 
the reductor (page 365), to obtain the amount of iron present. 
The latter is then calculated to ferrous oxide, FeO. It is also 
calculated to Fe 203 and deducted from the total oxides of iron, 
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alumina, etc. The remainder is calculated to percentage as 
oxides of Al, etc. (AI 2 Q 3 , Ti02, etc.). 

The filtrates and washings from the two precipitations of the 
iron and aluminum are analyzed for lime and magnesia exactly 
as directed for limestone, begkining at the point where the com¬ 
bined filtrates from the double precipitations of the iron are 
combined, heated to boiling, and the calcium is precipitated 
with a saturated solution of ammonium oxalate, the only differ¬ 
ence being that the lime content is only a per cent or two so that 
but 25 c.c. of the ammonium oxalate are used to precipitate the 
calcium present. 

The ignition loss is obtained by blasting 1 gram of the sample 
to a constant weight. The first weight is taken after ten minutes’ 
blasting. The sample is then blasted for five-minute intervals, 
until it either no longer loses more than 0.0002 gram or begins to 
gain weight. 

When analyzing sand or brick, blanks should bo run includ¬ 
ing the fusing of 20 grams of the carbonate of sodium and the 
putting of the solution of this melt through every operation. 
The iron, silica, etc., so found should be deducted from that 
found in the sample. There is almost certain to be some iron 
and silica obtained from the chemicals and glassware. 


Some Aimlysps of Sands 

No 1 

No 2 

No 3 

No 4. 

No 5. 

C 

% 

% 

% 

% 

% 

Ignition loss . 

0 40 

0.47 

1.20 

0.64 


Silica . 

98.08 

95 80 

94.00 

96.86 

95.86 

Oxides of iron, aluminum, etc.... 

1.37 

2.84 

4.4 

2.22 

4.86 

Calcium oxide. 



0.15 

0.38 



Sand No. 1 is not suitable for open hearth bottoms, a.s it does not bond 
well with the bottom but floats into the .slag and, as a result, the steel bath 
cuts through the bottom in places. No. 3 is a good sand as it contains just 
about the right amount of oxides of iron, etc., to bond well. No. 5 should 
also be a good bottom sand. 

Titanium 

Titanium is a frequent constituent of fire-brick. The best 
way to determine this element is to obtain the total iron and 
aluminum from a separate 1-gram portion. The hydrochloric 
solution of this iron, etc., is then fumed with 60 c.c. of 1 : 3 
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sulphuric acid and this residue is then analyiied as given for 
titanium either by color or gravimctrically as in steels. 


ANALYSES OF MAGNESITE WflCKS 


• 

(i<kh 1 Hrirk. 

Poor Brick. 


IVr Onl 

Per Cent. 

SiOj . 

3 28 

5 81 

FejOs . 

4 71 

10 85 

ALO,. 

0 52 

1 39 

CaO. 

2 .59 

2 76 

MgO. 

80 15 

78.84 
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Part III 

THE ANALYSIS OF IRON ORE 

Metallic Iron.—Dissolve 0.400 and 0.500 gram of the floured 
sample (dried at 105° ( 1 .) with mild heating in 40 c.e. of cone. 
HCl until the insoluble residue Is white and floating and free 
from any dark-colored grit. When the insoluble portion show.s 
no further change, the total sample is transferred to a porcelain 
dish and evaporated to dryness, in case the insoluble part is not 
pure white. This evaporation must be done under mild heat to 
insure against volatilization of iron chloride. Redissolve with 
20 c.c. of cone. HCl, using heat and keeping the dish covered. 
Add 50 c.c. of water, stir in a little ashless paper pulp, filter, wash 
with dilute HCl until the washings arc free of iron test with 
KCNS. The filtrate and washings will contain all of the iron 
if the residue is pure white before the evaporation; but if it is 
the least bit colored there is possibility of it retaining some of the 
iron. It is at all times advisable, for close work, to burn the paper 
off until all black due to carbon is gone and then fuse the ash with 
twenty times its weight of sodium carbonate at a bright red heat 
for a half hour. This renders all of the iron, in the shape of silicate 
or titanate, soluble in HCl. The fusion is then dissolved out 
with a little water, an excess of HCl is added, and the solution 
is evaporated again to dryness, redissolved, filtered, and washed 
exactly as described for the original main sample. This filtrate 
and washings will contain all of the iron, if any, that remained 
in the original insoluble portion; it is added to the first main 
filtrate and washings obtained after the first evaporation to 
dryness. These combined filtrates and washings are concen¬ 
trated to 200 c.c. and heated to nearly boiling in a beaker. Stan¬ 
nous chloride is added a drop at a time, with stirring, until the hot 
solution is water white, and then not more than 2 or 3 drops in 
excess. Place the 600 c.c. beakers in cold water until room tem- 
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perature is attained. Thou as each test is alwut to l)o titrated, 
add to it 40 c.c. of mereiirie rhlorido solution and stir well. This 
should produce a silky white precipitate of mercurous chloride, 
taking care of th(! excess of the tin ehloricfe. It is undesirable 
to have a largo excess of the tiij chloride, as there is danger of 
producing a gray precipitate of imdallic! mercury which renders 
the titration inaccurate; and again a huge precipitate of nu'r- 
curous chloride is undesirable. 

The solution being properly reduced, it is titrated with a stand¬ 
ard solution of recrystallized potassium dichromate, until two or 
three drops of the .solution of tlu! ore no longer give a blue spot, 
test with the ferricyanide indicator but an orange color, instead. 

Reduction by Metallk,' Zinc and 'I'itkation with 
' Potassium Permanoanate* 

After getting the ore in perfect solution by any of the fore¬ 
going means, the solution is converted to sulphates by evapora¬ 
tion to thick white fumes with 80 c.c. of 1 : 1 H 2 S() 4 . The iron 
sulphate is then dissolved again by heating to boiling for .some 
time with 100 c.c. of w'ater. The solution is transferred to an 
800 c.c. cone flask and diluted to 200 c.c. A stream of (t02 is 
passed through the flask. A total of 40 grams of zinc arc added 
in portions to reduce the ferric iron. Heat, w'hen the action of 
the zinc becomes slow, and continue to p.ass the ('O 2 until the 
zinc is all dissolved, ('ool to room temporjiture with the CO 2 
passing. The CIO 2 is purified by passing through two wash 
bottles as illustrated on page 3.59, photo No. .30. 

A blank of the same amounts of sulphuric acid and zinc should 
be run. In a blank the action, toward the last, is very slow, 
and when there remains only about 0.5 gram of zinc, undissolved, 
the heat can be shut off and the solution cooled; a stopper is 
placed rather loosely in the flask and the latter is then let stand 
at room temperature until the next day, when the zinc will have 
completely dissolved and the blank can be titrated and dedueted. 
The iron can be reduced with aluminum as described for uranium 
on page 359. 

Use of the Reductor.—The most convenient way to reduce 
the ferric solution is by use of the well-known Jones reductor. 

* 3.16 gram KMnO* to one liter of distilled water: 1 c.c. =about 0.00556 
gram Fc. 
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The sulphate solution of the iron is passed through the reductor 
at a standard speed which must be rather slow. The operator 
should determine the speed in drops per minute by passing a 
solution of a standard ore through the apparatus at the speed 
and volume that will give the [ron value per c.c. for c.p. per¬ 
manganate of potassium. Sec page 305 for further details con¬ 
cerning the reductor. (See also page 366.) 

In these titrations the end-point is taken as the first pink 
color that spreads entirely through the solution and lasts but 
a few seconds. 

The permanganate can be standardized by putting a similar 
weight of the “Sibley” iron ore standard through all of the 
operations, or with sodium oxalate, page 20 ( 1 ) or with oxalic 
acid, as given on page 405. (See also page 360.) 

( 1 ) It would seem convenient, at this point, to give the reac¬ 
tions involved in the method. 

(2) The reaction between the ferrous iron and the dichromale 
proceeds as follows: 

K 2 Cr 207 + 6 FeCl 2 +14HC1 = 2KCH- 2 CrCl 3 +OFeCla -|- THaO. 

(3) The following equation explains the reduction of the 
ferric chloride by the stannous chloride: 

SnCl 2 -|- 2 FeCl 3 = 2 FcCl 2 -|-SnC 44 . 

(4) The excess of the stannous chloride is prevented from 
interfering with ( 2 ) by the mercuric chloride reacting to form 
mercurous chloride: 

SnCl 2 + 2 HgCl 2 = Hg 2 Cl 2 +SnCl 4 . 

(5) If too great an excess of the stannous chloride is present, 
a gray precipitate of metallic mercury is produced which ren¬ 
ders the titration inaccurate and the analysis must be repeated 
on a new portion: 

Hg 2 Cl 2 +SnCl 2 =SnCl 4 -f- 2 Hg. 

Standard and Solutions.—Tftc dichromak is made by dissolving 
4.9 grams of the recrystallized salt in water and diluting to 1 liter. 

The stannous chloride is made by dissolving 12.5 grams of 
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granulated tin in 125 c.c. of cone. HCl or 20 grams of the stannous 
salt in 100 c.c. of the cone. HCl. , 

The mercuric chloride consists of 50 gramf of the salt dissolved 
in 1 liter of water. 

The ferricyanide for the spotitest has a concentration of 0.5 
gram per 100 c.c. of water and should bo made as used. 

Standardization.—The standardization is best effected by- 
putting 0.3 and 0.4 gram of the U. S. standard “Sibley” iron 
ore, or some other ore that has been standardized with equal care 
(this latter standard is very convenient in that it is entirely 
soluble in HCl), through all of the foregoing operations and noting 
how many cubic centimeters of the dichromate standard are 
required to oxidize the known amounts of the iron standard. 
By so doing, an average value, for example, of 1 c.c. of the standard 
equals 0.00546 gram of metallic iron was obtained. 

Manganese .—Dissolve 0.100 and 0.050 gram of the powdered 
ore in 25 c.c. of cone. HCl. For close work filter out any insol¬ 
uble matter, wash it and fuse as descril)ed under the determi¬ 
nation of metallic iron. Dissolve out the fusion; acidulate it 
with HCl and add this now completely decomposed residue to 
the main solution; add to the latter 20 c.c. of 1 ; 1 H 2 SO 4 and 
evaporate to thick fumes; cool; adtl 20 c.c. of cone, nitric acid 
and 20 c.c. of water and heat until all of the iron and manganese 
sulphates are dissolved and nothing remains but the floating 
silicic acid. Then transfer from the porcijlain dish to a cone 
flask, or a 10X1 inch test tube, rinsing with 1.20 nitric acid, 
and finish as in steels. (See page 338.) 

If the manganese exceeds 2 per cent, 1.0 and 0.9 gram are 
gotten into solution as above and the analysis can lx; finished by 
the phosphate method or by the method given on pages 345 to 
347. (See also pages 250-252.) 

Phosphorus and Silica .—Dissolve 0.9 and 1.00 gram, as for 
the metallic iron, using 40 c.c. of cone. HCl, fusing the insoluble 
residue and placing the acidulated melt back in the main solution; 
the’n evaporate to dryness; adding 1 gram of chlorate of potas¬ 
sium before evaporating, heating with the cover on the porcelain 
dish until all action caused by the addition of the chlorate is 
over. After the evaporation to dryness, redissolve in 20 c.c. of 
cone. HCl; evaporate to 10 c.c., add 20 c.c. of water; add a 
little ashless filter pulp; filter and wash with 1 : 40 HCl until 
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the washings no longer give an iron test with KCNS; evaporate 
the filtrate and washings again to dryness on the graphite, dis¬ 
solve, dilute, filter and wash as before to insure the separation 
of all of the siliea. The filters from the first and second evapora¬ 
tions to dryness contain the totaVsilica. These papers arc ignited, 
weighed, and finished for silica, purifying with HF-I-H 2 SO 4 . 

The filtrate from the second filtration and washing contains 
all of the phosphorus; it is evaporated low and is converted to 
nitrates, boiled with permanganate, and finished for phosphorus 
as in steel (pages 310 and 318). 

Sulphur .—Fuse 1.0 and 0.9 gram, as given for ferro-titanium 
at the bottom of pages 47-48; running blanks as a check on the 
reagents. (See also page 122.) 

Aluminum, Calcium, and Magnesium .—Get 0.9 or 1.0 gram 
into solution and evaporate to dryness as for silica. The 
filtrate from the second evaporation will contain all of the 
aluminum, iron, manganese, most of the titanium, all of the 
phosphorus, cahaum, and magnesium. Make a double basic 
acetate precipitation of the filtrate as described on pages 250 
and 251 and combine the two sets of-filtrates and washings for 
the calcium and magnesium. The precipitate from the second 
basic acetate precipitation is burned off at a low heat, blasted to 
constant weight, and weighed as AI2O3, Fe20,'t, Ti02, P2O5. The 
residue in the crucible is then dissolved in cone. HCl and divided 
into two parts; th^ phosphorus is determined in the one part 
after converting it into nitrate as described under phosphorus; 
and in the other part the metallic iron is found as given 
under metallic iron, by reducing this half with stannous 
chloride or convert to sulphate and use the reductor. The 
iron so found is calculated to Fe 203 , multiplied by two and 
deducted from the total weight of the oxides. In the same way 
the phosphorus found is calculated to P2O5, multiplied by two 
and deducted. This leaves only the weight of the AI2O3 and 
Ti02. The latter is determined on a separate portion and cal¬ 
culated to a 1-gram basis and deducted, leaving the aluminum 
only. 

Also these same weights of ore can be gotten into solution 
as for silica, the silica filtered off; the filtrate and washings 
therefrom can be transferred to a 1 liter boiling flask and the 
iron, manganese, and titanium can be removed by two or three 



Ca, Mg, Cu, AND Ni IN IRON ORE 


447 


peroxidations. The filtrates and washings from peroxidations 
can then be made acid and the ainmimnn precipitated at- once 
with ammonia; redissolved and reprec'ipitated to remove the 
sodium salts that arc inevitably preseift in the aluminum 
hydroxide. The reprecipitated aluminum hydroxide is weighed 
as AI2O3, P2O5. The phosphoric anhydride is determined by 
fusing the two oxides in twenty times their weight of ahhydrous 
sodium carbonate; the melt is dissolved in nitric acid and is 
then evaporated to 40 c.c. and finished as in steels, pages 310 and 
318. 

This latter scheme is decidedly to be preferred if calcium 
and magnesiuiii are not needed. 

Calcium and Magnesnan .—The filtrates from the two basic 
acetate precipitations arc combined and evaporated nearly to 
crystallization with 100 c.c. of cone. IK '1. Then 200 c.c. of 
water, or more, are added and heat is applied until the salts 
are all dissolved. If any dirt or dust has crept into the .solution 
the same is filtered out and the filtrate and washings are finished 
for Ca and Mg as in limestone from the point where the filtrates 
from the iron have Ix'en obtaini'd and are ready for the addition 
of the oxalate. (See page 431.) 

Also, if it is desired to obtain the latter elements in a separate 
portion one can proci'cd exactly as given for limestone (page 430). 

Titanium .—Fuse 1 gram with 20 grams of acid potassium 
sulphate and fini.sh for titanium as directed on page 49, 
(“ Transfer to an 800 c.c. beaker ”), if*' the titanium con¬ 
tent of the ore amounts- to more than 1 per cent. If the 
per cent of titanium is less than 1 per cent, fu.se as above 
but boil the sulphuric acid solution of the fusion obtained as 
directed on page 61 with strong nitric acid and compare it with 
an iron ore, containing a known amount of titanium, that has 
been put through all of the operations. Dilute the sulphuric, 
acid solution of the fu.sion to 100 c.c.; boil it five minutes with 
25 c.c. of cone, nitric; cool and compare as given for steels on 
page 64. 

Copper and Nickel .—Dissolve the ore as far as po,ssible with 
HCl, using 20 c.c. of the cone, acid per gram, heating a little 
below boiling in an 800 c.c. beaker until the insoluble residue 
does not show any further change, that is, does not become any 
whiter. Use 15 grams of the finely ground sample if the copper 
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and nickel do not exceed 1 per cent. When the HCl is appar¬ 
ently having no further effect, then add cautiously 10 c.c. of 
cone, nitric per gram of ore taken and also a total of 10 c.c. of 
hydrofluoric acid arid digest the contents of the beaker for at 
least one hour. 

Evaporate to moist dryness, but do not bake for fear of 
rendering the nickel insoluble; redissolve in 100 c.c. of HCl and 
evaporate until the solution does not seem to have a great excess 
of HCl; convert the solution to nitrate by evaporating until 
further additions of cone, nitric acid no longer produce red 
fumes, or until a few drops of the solution give but little, if any, 
milkiness with silver nitrate solution. Then finish for copper and 
nickel as given on pages 210 to 212. Run as a standard an iron 
ore containing a known amount of copper, or if such a standard 
is not at hand, then add to the ore a known amount of copper 
and nickel and also run the sattic ore without any copper and 
nickel, performing the standardization in the same way as given 
for pig iron on pages 206 and 207. 

Chromium .—Determine the chromium exactly as given for 
chrome ore on pages 184 and 185. 

Ignition Loss, Carbon Dioxide, and Moisture ,—The ignition 
loss is obtained by heating 1 gram of the sample at a bright red 
heat for an hour. 

Carbon dioxide and organic matter can be determined together 
as CO 2 by burning 1 gram of the sample in the electric combus¬ 
tion furnace for ohe hour in a stream of oxygen as in steels. 
The CO 2 existing as such can be determined by heating the ore 
with cone. HCl in a flask through which a constant stream of 
air is drawn and purified from CO 2 in the same manner as the 
oxygen is purified for the determination of carbon in steel. The 
flask should be provided with a No. 6 rubber stopper. The 
flask shown for sulphur work on pages 330 and 332 will answer. 
The stopper should be pierced with a funnel tube as shown on 
page 332; also an inlet tube tor the .purified air which should 
extend one-quarter inch below the acid in the flask; the stopper 
must also have an outlet tube extending through the stopper into 
the flask, but not touching the fluid in the same. This tube 
will conduct away the CO 2 liberated by the digestion with 
HCl by means of gentle suction with a water pump connected to 
the outlet of the weighing apparatus. The weighing apparatus 
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and the train between it and the outlet of the digesting flask 
can be made exactly as the same part of the carbon combustion 
apparatus. The whole apparatus can He thought of as parallel 
to the carbon outfit with the flask taking tile |)lace of the electric 
furnace. If it is more conveni{ait oxygen can be forced through 
the apparatus, during the digesting period, instead of drawing 
air through the outfit. The weighing apparatus J, page 279, 
should be weighed after air or oxygen has been drawn through 
it during an hour’s digestion. J is again attached and air passed 
through it for another half hour, but during this second passage 
of the air, or oxygen, no heating should br; necessary. If there 
is no more gain of weight than a blank gives at this point, then 
it is proven that all of the CO 2 has been drawn over into the 
weighing apparatus. The operator can check his apparatus and 
the accuracy of his manipulations by determining the CO 2 in 
limestone containing a known amount of calcium carbonate or 
by taking a known weight of calcite crystals. 

The raoielure is determined by weighing 1 gram of the sample 
and drying it to a constant weight at 10.')° C. 

Cwnhined water is determined as in an unburned crucible, 
page 398, using 1 gram of the sample that has been already 
dried for one hour at 105° C. and kept in a glass-stoppered bottle 
after the drying. 

Vanadium is determined in the same manner as given for 
carnotite ore, page 369. 



CHAPTER XVIII 


Part IV 

THE ANALYSIS OF FLUORSPAR 

Exact Method.—A.s this mineral is not completely decomposed 
by fusion with sodium carbonate alone, it is the general practice 
to fuse the finely ground mineral with a nuxture of sodium and 
potassium carbonates, and finely ground precipitated silica. The 
author uses, for the melt, an intimate mixture of 1 gram of the 
sample with 10 grams each, of the two carbonates mentioned, 
together with 3 grams of precipitated silica. 

The 1 gram of the spar is stirred carefully through the flux 
in a thirty-gram platinum crucible and the whole is gradually 
brought to a bright red heat and held at this temperature until 
all bubbling due to the evolution of CO 2 ceases, indicating that 
the reactions are complete as follows: 

3 CaF2-t-3Si02 =CaSiFG-t- 2 CaSi 03 , . . . . (1) 
CaSiF6-|-4Na2CO3 = CaCO3-l-Na2SiO3-|-0NaF+3CO2. . (2) 

When the fusion is finished in the manner indicated, it is run 
around the sides of the crucible; and, when cooled, the crucible 
is placed in a platinum dish and its contents dissolved in water 
with heat. If no platinum dish is available, then the melt must 
be dissolved in the cold in a porcelain dish. When all i.s dis¬ 
solved except the floating portion, cool, add paper pulp, filter into 
a large casserole and wash the residue on the filter with 2 grams 
of sodium carbonate dissolved in 500 c.c. of water, giving the 
filter at least fifty washings, obtaining residue R on the filter, 
and the filtrate and the washings A, which latter will contain all, 
or nearly all, of the fluorine as NaF and much silicic acid as 
sodium silicate, according to (2). 
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The main silica in filtrate A is separated according to the 
method of Berzelius, by heating with ammonium carbonate 
and removing the last traces with an ^mmoniacal solution of 
zinc oxide as follows: 20 grams of ammdnium carbonate, in 
powdered form, are added to A and tlu* same is heated for an 
hour at 40° C. A is then filtereef after twelve hours. Consider¬ 
able ashless filter pulp is slirred in with the precipitated silicic 
acid. The mixture of pulp, silicic acid and (x-rhaps some iron 
and aluminum hydroxide's is filtered out and washed with one 
gram of ammonium cailionate dissolved in 500 c.c. of water, at 
lea.st fifty times, allowing each washing to drain off completely 
before the next one is applied. This filtrate and wa.shing8 can 
be designated as /f and contain the major part of the sodium 
fluoride and still some of silicic acid, f'he mixture of pulp and 
silicic acid on the filter from A can be marked M. 

The residues R and M are .smoked off in a large platinum 
crucible and then the heat is raised until the ash is fr(‘e of char¬ 
coal and of a light-brown color. In this way nearly all of the 
original added silica is returned to aid in attacking any unde¬ 
composed spar that may have e.scaped decomposition in the 
original fusion. Place on top of the ash from R plus M a ground 
mixture of 10 grams, each, of the carbonates of sodium and 
potassium. Stir this tiux all through the ash R plus M with 
a stout ni-chrome wire and then re|x‘at the fusion as descrited 
in the first place, and all of the other foregoing operations. 
The water-insoluble residu(! R' from the secoiid fusion is washed 
with sodium carlx)nate water as in the case of R. This water- 
insoluble residue R' contains all of the calcium, barium, mag¬ 
nesium, iron, and some of the aluminum. The filtrate and 
washings from R' contain any remainder of the fluorine and 
nearly all of the silicic acid and alutninum (if A1 be present). 
This filtrate and washings arc heated with ammonium carbonate 
as in A, allowed to stand for .some hours, filtered, washed with 
ammonium carbonate water, obtaining a residue M' on the filter 
consisting of nearly all of the silicic acid plus a little iron and 
aluminum. The filtrate and washings from M', i.e., B', contain 
the last traces of the silica. This filtrate combined with B 
contains all of the fluorine as sodium fluoride and the remainder 
of the silica as sodium silicate. This silica is removed as follows: 
Evaporate these filtrates to dryness in a casserole; take up 
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with as little water as possible; add a (ew drops of an alcoholic 
solution of phenolphthalein and then add 1 : 1 HCl until a few 
drops of this acid ju^c discharge all pink color. The solution 
is then boiled to nbtc if the pink color may reappear, and if it 
should, a drop or two more of the acid is added to just remove 
the pink and so on until no pink reappears on heating. The 
solution will then be neutral and is ready for the removal of 
the last traces of the silicic acid by means of a saturated solution 
of zinc oxide in ammonia, prepared as follows: Dissolve 10 grams 
of zinc oxide in 50 c.c. of cone, ammonia and filter off the undis- 
solvcd zinc oxide. Add 10 or 12 c.c. of this filtrate to the neu¬ 
tralized B plus B' to precipitate the silicious matter still remain¬ 
ing therein, as zinc silicate. After adding the ammoniacal zinc 
solution, boil until the smell of ammonia is gone, and then filter 
out the mixture of zinc silicate and zinc oxide and wash it with 
5 c.c. of the ammoniacal solution of zinc oxide diluted with 
600 c.c. of water, obtaining filtrate and wa.shings C which contain 
all of the fluorine as sodium fluoride and free of silica. The 
silicic acid gotten from B plus B' as zinc silicate is freed from 
zinc by dissolving it off the filter with nitric acid, 1.20, and 
evaporating the filtrate and washings so obtained to dryness. 
The dry residue is taken up with 1.20 nitric acid and filtered 
off, after dilution with water, on the same filter from which the 
zinc silicate was dissolved with nitric acid. The residue on this 
filter is washed thoroughly and burned off with M'. 

The Calcium Tluoride .—The filtrate C is heated to boiling 
and the fluorine is precipitated from it while boiling by means 
of a saturated solution of calcium chloride. Some recommend 
the addition of a little sodium carbonate before adding the pre¬ 
cipitant, thus causing a precipitation of some calcium carbonate 
along with the calcium fluoride to aid in the subsequent filtration. 
The calcium fluoride is filtered and washed thoroughly with 
water. It has been the writer’s experience that it requires not 
less than fifty washings to completely wash a large precipitate. 
The CaF 2 is burnt off in a platinum crucible at a very low .heat, 
just smoking off the paper, and then at low red to remove the 
carbon. 

The ash, which consists of a mixture of oxide, fluoride and 
carbonate of calcium, is dissolved with dilute acetic acid (three 
parts of the acetic acid diluted with 1 part of water), by heating ■ 
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and evaporation to dryuess on the water batli. The ealoiuin 
fluoride remains insoluble* and the calcium carbonate and oxide 
are dissolved. After the evaporation to dtyness, 50 c.c. of water 
are added to the dry residue and heat is applied for atxnit a half 
hour. The insoluble calcium fluoride is filtered off and washed 
with water, dried, ignited at a low heat anil finally at redness 
until the Cab 2 is white, when it is cooled and weighed and cal¬ 
culated to percentage as such. As a check on the purity of the 
CaFo it is evaporated to dryness with 5 c.c. of cone. Il 2 ,SO,|. 
The excess of sulphuric acid is driven off at a low red heat and the 
residue is weighed as calcium sulphate, 1.7457 grams of which 
equal 1 gram of calcium fluoride. 

Silica .—The water-insoluble residue R' is smoked off in a 
platinum crucible and then heali'd at redne.ss until all carbon 
from the paper is gone. 4'he ash which contains the main 
calcium, etc., is transferred to a porcelain di.sh and boiled for 
a few minutes with 30 c.c. of 1 ; 1 IK’I until all but perhaps 
a little silica is dissolved. The latter is filtered off, washed, 
designated as M" and burned with M'. The ash from the 
burning of M' plus M" contains the total .silica, that is, the 
silica that was added plus that contained in the sample. The 
total silica is then evaporated as usual with an exce.ss of HF 
plus 5 drops of cone. H 2 S(),i. The HF should be added very 
cautiously, and in small instahments, to prevent loss by spraying 
during the formation of the volatili; silicon fluoride. The .silica 
is then determined by the lo.ss of weight aftiu- the removal of 
the excess of the two acids as in steels. Any residue remaining 
in the crucible after the removal of the silica may lamtain some 
calcium, iron, etc., and is fused with a little sodium carbonate, 
dissolved in HCl and added to the filtrate from M”. 

Ca, Mg, Ba, Fe, and Al are now all in solution in the filtrate 
just mentioned. The first step is to remove any barium present 
by adding to the solution 2 c.c. of cone, sulphuric acid diluted 
with 600 c.c. of water. Any precipitate formed by the addition 
of the very dilute sulphuric acid is filtered off, ignited and weighed 
as barium sulphate. The filtrate and washings from the barium 
sulphate are then analyzed for Ca, Mg, iron, and aluminum as 
described for limestone, beginning at the point where these 
elements are all in solution and free of silica. (See page 431.) 

Blanks .—It is very necessary to run blanks by fusing 3 grams 
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of the same lot of precipitated silica as used in the decompo¬ 
sition of the spar with 10 grama, each, of the sodium and potas¬ 
sium carbonates. The melt is dissolved out in water and then 
put through all o{ the operations given in the method. The 
silica, iron, calcium, magnesi^im, and aluminum so found are 
deducted from the amounts of these elements found in the 
analysis of the sample. These blank analyses should be, made in 
duplicate, as should the analysis of the spar, also. 

Lead .—Dissolve 0.9 and 1.0 gram of the sample in a mixture 
of 20 c.c. of cone. HNO.-! and 10 c.c. of cone. HCl. If the spar 
is high in CaF 2 it will dissolve almost completely in this mixture. 
Heat until all spraying is over and evaporate to moist dryness; 
redissolvc in 20 c.c. of (»nc. nitric acid, dilute, filter, wash with 
dilute nitric acid, and evaporate the filtrate and washings to 
10 c.c. Add 75 c.c. of cone. HCl and evaporate to 15 c.c. Dilute 
with water to about 100 c.c. Make the diluted solution just 
neutral with ammonia; add 4 drops of HCl and pass H 2 S through 
the hot solution until the black precipitate of lead sulphide 
settles well. Filter off the lead sulphide and wash it with H 2 S 
water. Pass H 2 S through the filtrate and washings to make 
certain that all of the lead has been precipitated. The lead 
sulphide is dissolved in 50 c.c. of 1.20 nitric acid and its solution 
is evaporated to heavy fumes with 75 c.c. of 1 : 3 sulphuric acid, 
in a porcelain dish. Cool, dissolve as far as possible with 200 c.c. 
of water and one-third this amount of alcohol. Allow the lead 
sulphate to settle for several hours before filtering; filter off 
the lead sulphate and wash it with a mixture of 2 parts of water 
and 1 part alcohol. Burn the residue at a very low heat in a 
porcelain crucible until the paper is all gone. Cool the white 
residue and moisten it with a drop or two of H 2 SO 4 and ignite 
the residue again at a dull red heat. 

The weight so obtained is multiplied by 0.6832 to reduce to 
the metallic basis. If the sulphur found is reported as such then 
the lead can be conveniently reported as metal. The lead, how¬ 
ever, usually is present as the sulphide. 

Sulphur .—The author uses the carbonate and niter fusion, 
melting the spar with 20 grams of carbonate of soda and 4 grams 
of niter. The analysis is then finished as in ferro-vanadium high 
in silicon (see page 34 near the bottom of the page). There is 
no reason why the sulphur could not be obtained by fusing the 
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mineral in a mixture of 10 grams of sodium peroxide and 5 
grams of sodium carbonate, then dissolving out the melt in 
water. The water solution could be acidulated with a consider¬ 
able excess of HCl and the analysis finished *as in the carbonate 
and niter fusion. ^ 

In either method blanks should l)e run through all the opera¬ 
tions and deducted. 

Carbon Dtoxide .—Ignite 1 gram of the sample in the electric 
combustion furnace in a stream of oxygen for one liour, as in the 
determination of carbon in steel. The carbon ilioxiile is usually 
combined with calcium, as carbonate, in the mineral. 

Approximate Method.—Th(> usual approximate method is to 
attack the spar with acetic acid. The author pro(«eds as follows 
(ho regards the approximate method accurati^ enough for all 
technical purposes): Moisten the finely ground spar to a thin 
paste with water, add 20 c.c. of glacial acetic acid and evaporate 
to dryne.ss on the water bath in a porcelain dish. To the dry 
residue add 50 c.c. of water; .stir; boil a few minutes; add 
ashless paper pulp; mix again, filter, and wash with hot water, 
obtaining residue I{ on the filter and filtrate and wa.shings F. 
The residue It contains all of the ('aF 2 , silica and the main portion 
of the iron, aluminum and lead. Barium if present as sulphate 
woukl be mainly in It. 

The filtrate and washings from It contain calcium, mag- 
ne.sium and some of the iron and aluminum, and are analyzed 
for these elements as in limestone (see page 430). If lead is 
present some of it will also be in this filtrate and should be first 
removed by H 2 S precipitation of the hot, faintly acid solution. 
The lead sulphide is washed with HoS water and the filtrate and 
washings are evaporated low to remove the excess of H 2 S, add¬ 
ing some potassium chlorate to oxidize the iron, at the beginning 
of the evaporation. The amount of lead found at this point is 
only a small portion of the total amount of the lead present; at 
least, this is the case in the samples containing lead as galena. 

Silica and Calcium Fluoride .—The residue R is ignited at a 
low red heat in a weighed platinum crucible, cooled and weighed. 
Twenty c.c. of c.p. HF are added to R after the weighing. 
Evaporation to dryness removes the silica. The remainder 
in the crucible is then heated to lowest redness, cooled, weighed 
again, and the loss of weight due to the evaporation and ignition 
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is calculated as silica. Three c.c. of cone. H 2 SO 4 are dropped 
into the crucible and the contents of the latter are taken to 
dryness; ignited at a low red heat, cooled and weighed as calcium 
sulphate (CaS 04 ). The calcium sulphate so found is calculated 
to calcium fluoride after de(^cting from it any Ba, Pb, Fe, 
and A1 found as given below. 

Add 15 c.c. of cone. HCl to the weighed calcium sulphate and 
boil it until the sulphate either dissolves to a clear solution after 
twenty minutes’ slow boiling, or there remains some white 
insoluble residue which would indicate the presence of barium 
sulphate. If such a residue be found, then dilute the solution to 
200 c.c. and let it stand for several hours to permit the barium 
sulphate to settle. Filter it out; wash it with water; ignite; 
cool; weigh, and deduct it from the weight of the calcium sulphate. 
The filtrate and washings from the barium .sulphate are diluted 
to 400 c.c. and H 2 S is passed for an hour and the solution is 
then permitted to stand for several hours to give the precipitate 
of PbS time to separate out. If there be sulphide of lead in the 
spar (usually in the form of galena), then some of it will have 
been counted as calcium .sulphate. The lead sulphide is burned 
at a very low red heat in a porcelain crucible, moistened with a 
few drops of cone, sulphuric acid and the latter is evaporated. 
The residue is burned at a low red heat, weighed and the weight 
is then deducted from that of the calcium sulphate. The filtrate 
and washings froip the lead sulphide are evaporated to dryness 
with a gram or two of potassium chlorate and analyzed for any 
small amounts of iron and aluminum that may be present in 
this part of the analysis; that is, the small residue in the evapo¬ 
rating dish is dissolved in 10 c.c. of HCl, precipitated with a 
slight excess of ammonia, the small precipitate of iron and 
aluminum hydroxides are filtered out, washed, weighed, and the 
weight also deducted from the weight of main calcium sulphate. 
The main calcium sulphate as stated, after these deductions, is 
then calculated to the total calcium fluoride. These small por¬ 
tions of the Fe and A1 are also added to the main oxides of iron 
and aluminum found in F. The main filtrate F contains all of 
the calcium and magnesium not existing in the mineral as fluo¬ 
rides; also the remainder of the lead if any is present and the main, 
portion of the iron and aluminum. The lead is removed first, 
after acidulating F with a slight excess of HCl to prevent the' 
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coprecipitation of any iron, l)y means of hydrogen sulphide. 
The filtrate and washings from the lead sulphide are evaporated 
to dryne.ss with an excess of at least 20*e.c. of cone. Htd and 
1 gram of chlorate. The dry residue is then taken up with 10 c.c. 
of 1 : 1 H(’l and the iron, alunii^iuin, calcium, and rtiagnesiuin 
in the solution are determined as in litnestone. As stated, the 
lead, iron, and aluminum found here are added to any portions 
of these elements found in the filtrate from the hydrochloric 
solution of the calciutn sulphate. 

Calculations 

In the exact method, the calcium required in the calcium flu¬ 
oride found is deducted from the total calcium found. Any 
calcium remaining is usually calculated to calcium carbonate. 
The author prefers for the sake' of sim|ilicity to calculate to 
calcium oxide, the calcium found in excc.ss of that necessary to 
produce the calcium fluoride; and report th(^ carbon dioxide 
found, as such instead of attempting to distribute it as carbonate. 
In the same way the sulphur found is reported as such instead 
of entering into a tedious computation for the purpose of cal¬ 
culating a part of it to lead sulphide and any remaining sulphur 
to sulphide of iron. Similarly the oxides of iron and aluminum 
obtained are reported as oxides. For commercial and technii^al 
purposes this seems the logical procedure, and entirely answers 
purposes of the iron and steel metallurgist. In harmony with 
the reporting of the sulphur as such, the lead found is recorded 
as metal. 

Calculation of the Calcium E.xisting as CaO by the 
Exact Method 

Suppose that 83.46 per cent of CaF 2 were found. Then in 
1 gram of the sample there would be 0.8346 gram of calcium 
fluoride. Further, in 1 gram of this sample there was found 
a total of 0.6956 gram of calcium oxide in the filtrate from M", 
page 453; then as calcium fluoride is converted to its equivalent 
weight of calcium oxide by the factor of 0.7182 we have 0.8346 
multiplied by 0.7182 or 0.5994 gram of calcium oxide coming from 
the calcium in the calcium fluoride. This is deducted from 
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the total calcium oxide; 0.6956 minus 0.5994, or 0.0962 gram of 
calcium oxide to be reported as such, Iwing 9.62 per cent. 


Calculation of CaS 04 to (IaF^ in the Approximate 
Mjjthod 

The calcium sulphate found is multiplied by the factor 0.5735 
to obtain the equivalent weight of calcium fluoride. 


SOME ANALYSES OF FLUORSPAR 
Sample of Faihview Gravel 



Approximate Method 
i’(T Ont 

Exact Mctliod 

Per Cent 

Calcium fluoride . 

83 70 

83 46 

Silica . . 

2 02 

3 20 

Oxides of iron and ahimmuin . . . 

3 l(i 

3 20 

Calcium oxide_ ... 

9 40 

9.61 

Sulphur. 

0 OK) 

0 016 


Sample of Fluorspar (Juavel CJontaining Sulphide of Lead 



Approximate Method 
Per Cent 

Exact Method 

Per Cent 

Calcium fluoride .. i 

84 24 

84 36 

Silica ... 

.5 44 

5 79 

Oxides of iron and alurpinur.i 

1 32 

1 41 

Calcium oxide. 

1 83 

1.90 

Carbon dioxide... 

2 20 

2.20 

Sulphur 

0 92 

0 92 

Metallic lead.. .. . 

2.00 

2.00 

Moisture. . . 

0 35 

0 35 


Selected Sample by the Approximate Method 



Per Cent 


Per Cent. 


97 58 


0.77 

0.62 


0.20 

Oxide of calcium.... 



Evolution Method for Fluorine.—J. B. Krak in The Chemist- 
Analyst, July, 1914, gives the following evolution scheme: “ Weigh 
the substance (he does not state how much, presumably 1 gram) 








FLUORINE IN FLUORSPAR BY EVOLUTION 


459 


into a 700 c.c. flask provided with a separatory funnel. Connect 
the flask with a condenser and <i train of three Fresenius nitrogen 
bulbs. Pour into the dissolving flask 10(i c.c. of phosphoric acid 
of 85 per cent strength. Add 100 c.c. of water, ('lose the funnel 
stopcock. Apply low flame and continue to heat until 100 c.c. of 
the solution in the flask has been flistillcd over (Fig. 37). 



Add 100 c.c. more of water and distill this over also. The 
nitrogen bulbs contain an absorbing .solution consisting of 90 c.c. 
of 3 per cent calcium acetate and 5 [X'r cent .sodium acetate made 
acid with acetic acid. The theory is that the fluorine is absorlwd 
as HF in the calcium acetate, forming a precipitate of CaF 2 . 
Any silicon tetrafluoridc that may be formed is also distilled 
over forming GaF 2 and sodium silicate. The author has never 
tested this method, but its simplicity leads him to publish it for 
those of his readers that may lie interested t^ test its accuracy. 

The contents of the nitrogen bulbs are poured out into a large 
beaker, 20 c.c. of a saturated solution of ammonium acetate are 
added, evaporation, boiling, and filtering out of the CaF 2 follow. 
Wash the CaF 2 with a dilute solution of ammonium acetate; 
ignite at a low heat, and weigh as CaF 2 . 



CHAPTKR XIX 

Paht 1 

THE TESTING OF LUBRICATING OttS 

As the steel works ehertiist is frequently required to report on 
the lubrieants used about the plant, a brief outline of the more 
important tests may save the busy reader of this book much delv¬ 
ing into the vast amount of literature written on this subject. 
The tests about to be described constitute all that the mechanical 
engineering department of a large works usually cares to know, or 
asks for. If the reader wishes to inform himself further, he can 
consult the writings of Lewkowitch, Benedict, Gill and others. 


Saponification Number 

This test is a direct index of the proportion of animal matter 
in the lubricant for the reason that mineral oil (usually pre.sent 
in most of the oils uilcd for lubricating) has no saponification value. 
The saponification numter simply mean.s that 1 gram of the sample 
tested requires that many milligrams of potassium hydroxide to 
combine with (saponify) the fatty acids present in it. The test 
is also known as the Koettstorfer’s value. 

Method.—Weigh 1 to 2 grams of the oil or lubricant into a 
250 c.c. conical flask. Place also in the flask 25 c.c. of half normal 
potassium hydroxide. Insert a stopper carrying a return con¬ 
denser firmly in the neck of the flask. Turn a current of water 
into the condenser and start to heat the flask on a water bath. 
(See photo No. 118.) Some operators add 20 c.c. of ether to the 
contents of the flask before putting in the condenser. Heat the 
flask on the water bath for one hour. Then shut off the heat, 
turn off the water, cool, add several drops of phenolphthalein 
indicator and drop in from a burette half-normal HCl until the 

460 
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pinkish color or shade given lo tlie solution by the indicator just 
disappears. The number of c.c. of N 2 K()H added, less the 
number of c.c. of H{’1 rerpured to discharge the pinkish color 
produced by the KOH, multiplied by tlie* factor 28.05 (1 c.c. 
N/2 KOH contains 28.05 mgs. of Kt)H) ami divided by the weight 
of the oil taken gives the saponification number of the sample. In 
weighing the oil place the fared flask on the balance pan and 
drop in some of the samjile from a |)ip(‘tte until about the desired 
weight has been put in the flask. Then weigh the oil exactly. 



Photo 38. 

When titrating the oil with N/2 fICl use alcohol to wash 
down the sides of the flask, as water is liable to cloud the solution. 
To check the operations place 25 c.c. of the N 2 KOH iji the cone 
flask together with the 20 c.c. of ether, t'onnect the condenser 
and heat the flask for one hour in the water bath, cool and titrate 
wit 1 the N/2 HC'l, Any KOH that may have been .so usc/d is 
ded icted from the apparent amount us(h1 by the sample, tjefore 
calculating the saponification number as given above. 

A convenient standard for checking the operator’s work is 
the purest rapeseed oil. A very pure sample obtained by the 
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author gave a saponification value of 185. A German rape oil 
known as double refined was found to be 182 in saponification. 
Pure lard oil is given as 195. These pure oil standards should 
be kept in a cool dark cupboard, in sealed bottles, when not in use. 

The Preparation of Half-Normal (N/2) HCl and 
Half-Normal KOH 

A normal solution is usually defined as the hydrogen gram 
equivalent of the active substance dissolved in a liter volume. 
The author would like to offer the following definition, which 
may seem long drawn out but more explanatory: 

A normal solution is the gram molecular weight of the reacting 
substance dissolved in a liter volume, or that fraction of its gram 
molecular weight dissolved in a liter volume which is the equivalent 
of the gram atomic weight of hydrogen. The required fraction 
of the gram molecular weight may be different for the same com¬ 
pound, depending on the nature of the reaction for which the normal 
solution is to be used. 

The first requisite is then to write the equation and from it 
decide whether the full molecular weight in grams or only a 
fraction of it is needed to meet the conditions of normal solution. 
Suppose the normal solution of permanganate of potassium is 
desired for the oxidation of ferrous sulphate, according to the 
equation: 

(A) 10 FeSO 4 -|- 2 KMnO 4 -|- 8 H 2 SO 4 = 5 Fe 2 (S 04 ) 3 +K 2 S 04 

-f- 2 MnS 04 -I- 8 H 2 O, 
or 

(B) 10FeO-SO3-|-K2O2-2MnO3+8H2OSO3 = 5Fe203(S03)3 

-h K 2 O • SO 3 + 2MnO • SO:, -t- 8 H 2 O. 

By equation (B) we see how the oxidation expressed by (A) 
takes place: The ferrous oxide united to the sulphuric radical 
and containing 10 atoms of oxygen becomes ferric oxide, still 
united to the sulphuric radical, and gains 5 atoms of oxygen. 
This gain comes from the permanganate as by equation (B) the 
potassium peroxide part of the permanganate loses 1 atom of 
its oxygen to the ferrous sulphate, becoming potassium sulphate; 
and the two parts of manganic trioxide give up 4 atoms of oxygen 
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to the ferrous sulphate, and boooine 2 molecules of manganous 
sulphate. Hence we have permanganate equivalent to .5 atoms 
of divalent o.xygen or 10 atom.s of inoiufvalent hyilrogen; there¬ 
fore 2 molecules of the permanganate beflig equivalent to 10 
atoms of hydrogen then two-tenths or one-fifth of a gram molecule 
of the KMn 04 will be the equivalent of the gram atom of hydrogen. 
This makes it necessary to weigh one-fifth of l,o8.03 or 31.6 grams 
of the KMnOi, dissolving the same in a liter volume. 

A normal solution of the ferrous sidpliate: It has Ix'en seen 
that the sulphate of iron has taken up ,5 atoms of oxygen which 
arc equivalent to 10 atoms of hydrogen, hence, since 10 molecules 
of the ferrous sulphate are equivalent to 10 atom.s of hydrogen, 
then 1 molecule of the sulphate is ecjtiivalent to 1 atom of hydrogen. 
It will lx; fulfilling the definition if 278 grams of FeS( >4,71120 
arc dissolved in a liter volume, or the entire gram molecule. 

An example of a noianal solution for a precipitation reaction 
is afforded by the following: H 2 S(),i-t-Ha('l 2 = Ba.S()4-|-2HCI. 
In this equation the active sulphuric acid molecule precipitates 
the divalent barium atom which is cciuivalent to 2 atoms of the 
monavaicnt hydrogen atom, therefore one-half th(> gram-molecular 
weight of the sulphuric acid, or 4(1.1)4 grams of the 100 per cent 
acid or its equivalent in a dilution, in a liter volume constitutes 
its normal solution. 

(C) This brings one to the neutralization normal, or half¬ 
normal .solution: HCI-|-KOH = K(’l-|-H20. In this reaction 
whether it is desired to consider the normal solution for the 
potassium hydroxide or the hydrochloric acid it is an example of 
one molecule reacting with a inonavalent atom. In either case 
the entire gram molecule would be required in the liter volume 
or one-half this amount for the half-normal solution, also in a 
liter volume. This would be 36.47 grams of the HCU and 56.11 
grams of the KOH in a liter volume for the normal solution, or 
18.23 grams of HCl and 28.05 grams of KOH dis.solved in a liter 
volume for the half-normal solution (N, 2) of these salts. 

•Half-normal HCl.—As the hydrochloric solution will remain 
constant, 7 liters are prepared as follows: 350 c.c. of about 1.20 
specific gravity acid are diluted to 7000 c.c. with water and w'ell 
mixed. The acidity is then tested against pure sodium carbonate 
prepared from c.p. sodium oxalate which can be obtained to the 
best advantage from the U. S. Bureau of Standards. 
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Weigh 1 gram of the standard oxalate into a platinum crucible 
and gently ignite until it is charred and then raise the heat until 
it is pure white but do "not heat it above redness. Dissolve the 
sodium carbonate thus formed in a little water and transfer it 
with great care to a 250 c.c. cone flask. Add 1 or 2 drops of methyl 
orange solution and titrate it with some of the above HCl solution 
until one drop of the acid just turns the fluid in the cone flask pink. 
The reaction is as follows: 

Na2C03+2HCl = 2NaCH-H20+C02. ... (2) 

The sodium oxalate on ignition is decomposed to sodium car¬ 
bonate in the manner shown by the equation, 

Na2C204+0=Na2C03-t-C02.(1) 

By (1) one molecule of sodium oxalate yields 1 molecule of sodium 
carbonate and by (2) we see that 1 molecule of sodium carbonate 
is also equivalent to 2 molecules of hydrochloric acid. Or in 
terms of equivalent weights, 134 parts of sodium oxalate yield 
106 parts of sodium carbonate, which require 72.94 parts of HCl 
{2HC1) for neutralization. One gram of sodium oxalate will give 
If f of a gram of sodium carbonate, or 0.791 gram. Suppose that 
the trial titration of 7 liters of HCl showed that 0.791 gram of 
sodium carbonate required 25.0 c.c. of this HCl to give a pink with 
the methyl orange. By (2) wo have seen that 72.94 parts by weight 
of HCl unite with 106 parts of sodium carbonate or 1.4532 grams 
of Na.jCOs equal f gram of HCl. N 2 HCl according to (C) 
contains 18.23 grams of IK 4 to the liter, therefore 1 c.c. of N/2 HCl 
= 18.23X1.4532-^1000, grams of sodium carbonate, or 0.02650 
gram of Na 2 C() 3 . As an average of several titrations it 
was found that 25 c.c. of the solution of HCl being tested neu¬ 
tralized 0.791 gram of Na 2 C 03 , hence 1 c.c. of this acid equals 
0.791 gram-i-25, or 0.03164 gram of Na 2 Co 3 . As 1 c.c. of N/ 2 HCl 
should equal 0.02650 gram of Na 2 C 03 then 1 c.c. of the acid being 
tested should be diluted in volume as many times as 0.0265 is 
contained in 0.03164, or 1.194 times. Suppose after making the 
trial titrations there remains exactly 6800 c.c. of the HCl, then 
this solution should be diluted to 6800X1.194 c.c., or to 8119 c.c., 
when it should be an exact N/2 normal solution. 

In general divide any number of c.c. of the acid being stand¬ 
ardized into the amount of sodium carbonate that it will exactly 
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neutralize; divide the result by 0.02650 and then multiply this 
last quotient by the exact nuinlwr of c.c. of the acid remaining. 
This will give the volume to which the remaining acid must be 
diluted to make it of N/2 strength. 

The Preparation of N/2 KOH.-»-VVeigh alxnit 40 grams of KOH, 
marked purified by alcohol, into a glass-stoppc'red bottle and 
dissolve it in a liter of ethyl alcohol that has been distilled with 
some KOH. 

This distillation can be accomplished by placing the alcohol 
and KOH in a boiling flask, in boiling water and connecting 
the same with a Bunsen condenser. The distillate is then used aa 
above. In the alcoholic solution a gram or two of barium hydrox¬ 
ide are also placed to remove any carbonate! pro.sent in the KOH 
solution. It is then allowed to se/ttlc for twelve hours, when the 
clear liquid is siphoned off, leaving all of the cloudy portion 
behind. This clear portion is diluted to one liter and well mixed 
in a glass-stoppered volumetric flask. The redistilled alcohol is 
used for this dilution also. Exactly 50 c.c. of this KOH are 
withdrawn from the 1000 c.c., and 25 c.c. of it are titrated with 
the N/2 HCI. Suppose it is found that 28.7 c.c. of the N/2 
HCl are required to just turn the 25 c.c. of the KOH pink; then 
1 c.c. of the KOH = 28.7 H-25, or 1.148 c.c. of the HCl. 
Hence the 950 c.c. of the KOH that remain must be diluted to 
950X1.148, or 1090 c.c. to make them the equivalent of the 
N/2 HCl and therefore an N 2 KOH solution. This dilution is 
made as in the others with t he alcohol that has Ijeen distilled in 
the presence of KOH. 

Calculations .—In actual work the N/2 KOH does not remain 
for any length of time exactly of N, 2 strength so it is more con¬ 
venient to determine its exact relation to the N/2 HCl, which 
latter acid should remain unchanged. Suppose it is found as a 
result of the mean of sev('ral titrations of the HCl against the KHO 
that the 29.2 c.c. N/2 HCl equal 30 c.c. of the KOH. Since 1 c.c. 
of N/2 HCl reacts with exactly 28.05 mgs. of KOH, 1 c.c. of the 
KOH solution being tested is equivalent to 28.05 X 29.2 + 30 c.c., 
or 27.30 mgs. of KOH, which value can then l>e used at that time, 
instead of the factor 28.05 which can be used only when the KOH 
is exactly normal. 

Flash and Fire Tests .—The author uses the open fire tester of 
Tagliabue. 
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Place a bed of chip graphite in the bottom of the tester. Fill 
the reservoir with the oil to within one-quarter inch of the top and 
raise the temperature at the rate of 15° per minute; try for a 
small flash of flame across the surface of the oil every 7°. After 
getting the flash make note cf the temperature and continue 
to raise the same until the oil takes fire and note this temperature 
which is the fire test. For an ignitor u.sc a small glass jet in a 
rubber hose connection so that the flame coming from the jet is 
not more than one-eighth of an inch long. In using this smalt 
igniting flame draw it across the diameter of the surface of the oil 
and keep the little flame on a level with the top of the tester, 
making sure that the jet does not touch the oil at any time. Keep 
the tester surrounded with a sheet iron cylind('r during the testing 
to protect it from draughts. This test should be always carried 
out under exactly the same conditions or the results will be dis¬ 
cordant. When the burning test has been completed smother the 
flame at once with the cover that goes with the instrument, as 
this serves to put out the flame and makes the tester easier to 
clean for the next sample. 

Consult Technical Paper No. 49, Dept, of Interior, Bureau of 
Mines, by Allen and Crossfield, 1913, on the Flash Point of Oils. 

Cold Test .—Fill a 4-ounce, wide neck, glass-stoppered bottle 
about half full of the oil and place it in a freezing mixture consisting 
of 2 parts of ice and 1 part of salt, which can be kept in a small can 
wrapped with asbestos. After the oil is solid, let it stand in the 
mixture for about an hour. Then take out the bottle and place a 
thermometer in it and stir with the thermometer until the oil will 
just flow from one end of the bottle to the other. The cold test 
is that temperature at which the oil will just flow. 

Test for Free Acid .—This test is usually reported in grams of 
free oleic acid and N/6 KOH is u.sed for the purpose, 1 c.c. of which 
is equal to 0.047 gram of free oleic acid. Weigh 8 to 10 grams of 
the oil, accurately, into a 250 c.c. cone flask. Add 100 c.c. of the 
redistilled alcohol prepared as given under Saponification. Put 
the flask in a water bath and bring the contents quickly tO' just 
60° C. Then take the flask off the bath at once and titrate with 
the N/6 KOH until the first pink color just spreads through the 
test. Do not carry the titration any further or the result will be 
too high due to a certain amount of saponification taking place. 
The number of c.c. required to produce this first pink, multiplied 
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by 0.047 and divided by the weight taken gives the amount of free 
oleic acid per gram which is tlien reported in percentage. 

The alcohol used in these tests can be recovered by distilling 
off the same after the tests are completed. Add .some quick¬ 
lime to the fluid before distilling off the alcohol to remove any water. 

Viscosity .—Any of the viscosimeters on the market can be used 
for this test. The author also uses the Tagliabue instrument for 
this work. Full directions go with these instruments so that but 
a brief hint or two is all that is ncceasary. For testing the oil 
at 70° attach the nipple marked 70° to the outlet and be sure that 
the oil has no dirt in it. If the room temix'raturc is above 70° 
pour 90 c.c. of the oil into the container and just as soon as tlui 
oil reaches the required tenqx'rature allow 70 c.c. to pass through 
the nipple, timing its flow in seconds with a stop watch. 'I’he 
number of seconds required multiplied by two gives the viscosity. 

To test oil at 212° water is brought to that tenqx'raturo in the 
boiler of the viscosimeter, and the steam connng from the water 
passes through the steam jacket of the instrument whi(di sur¬ 
rounds the oil container. Eighty c.c. of tlie sample which has 
already been heated to 22° or more arr; now placcnl in the oil 
container, and when the 212° are reaclu'd in the oil, as shown by 
the thermometer that goes with the instrument, 00 c.c. of the oil 
are withdrawn through the nipple marked 212° and the time of its 
flow is recorded in seconds with the stop watch. 'Flu' seconds 
required multiplied by two give the viscosity. 

The Engler viscosimeter refers all viscosity values to the .same 
figures obtained by passing distilled water through his instrument. 
The figures obtained on the oil tested are divided by thosi^ gotten 
from water in the same way. This gives what he tenns the sixicitic 
viscosity. 

The viscosimeter should be cleaned with ether after each test 
to prevent any gummy coating forming on the walls of t he nipples, 
which would impair the accurai'y of the instrument. The vis¬ 
cosity of water for this instrunn'iit u.scd in this laboratory was 
found to be 40 at 70° and 75 at 212°. 

Specific Gravity .—For the determination of spixdfic gravity the 
Eichhorn picnometer is used, ('ool the oil to 00° F. and fill the 
little bulb slowly with the oil so that no air bubbles enter 
with the oil, as the presence of air in the reservoir renders the result 
entirely inaccurate. Hold the picnometer at about a 70° angle 
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when filling it so that the bubbles may be worked out to a better 
advantage. When the bulb is entirely full of the oil, and free of 
air, stopper it, wipe it ^ee of oil, place it in a cylinder of Vater 
which is at 60° F. a.id read the specific gravity from the gradua¬ 
tion of the instrument that is tangent to the meniscus curve of 
the surface of the water. 


Some Specifications for Oils 


Engine oih. 

1 . Flashing-point above 400° F. 

2. It must be a pure mineral hydrocarbon oil, free from 

adulteration. 

3. Its specific gravity must be between 26° and 30° Baum^. 

4. Its viscosity (compared with water at 60° I''., using a P.R.R. 

standard 100 c.c. pipette) must be, when determined at 
80° F., not less than 2.5. 

5. The oil must be free from acids, sulphur compounds or 

any other corrosive substances, and free from dirt or 
any other gritty material. 

Heavy Dark Engine Oil. 

1. Flashing-point above 450° F. 

2. Its viscosity (compared with water at 60° F., using a P.R.R. 

standard I'OO c.c. pipette), when determined at 80° F., 
must not be less than 2.5. 

3. The oil must be free from all sulphur compounds, acid or 

any other corrosive substances of any kind, and free 
from dirt or any gritty substances. 

4. Its specific gravity must be between 26° and 30° Baum^. 

Cylinder Oil. 

1. It must have a flashing-point of not less than 550° F. 

2. Its specific gravity must be between 25° and 26° Baum4. 

3. Its viscosity (compared with water at 60° F., using a P.R.R. 

standard 100 c.c. pipette), when determined at 330° F., 
must not be less than 1.25. 

4. It must contain no saponifiable animal oil, and be a pure 

mineral hydrocarbon oil, free from adulterations. 
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6 . The oil must be free from sulphur compounds, acids or 
any other corrosive substances of any kind, and must 
‘ be free from dirt or any gritty siAstances. 

« 

Journal and Roll Neck Grease. 

1. It must be free from all dirt and grit of any kind, acid or 

corrosive substances. 

2. It must be absolutely neutral in reaction and free from 

metallic oxides, other than lime. 

Torch Oil. 

1. It must have a flashing-point of not le.ss than 125° F. 

2 . It must show a 6re test not below 1.50° F. 

3. Its specific gravity must be between 44° and 48° Baum6 

at 60° F. 

4. It must not l)ccome cloudy when cooled at 0” F. 

5. This oil must lx; pure petroleum oil, free from dirt, grit, 

lumps, water, etc. 

I'araffine Oil. 

1. This oil must be neutral in reaction, free from all dirt or 

similar substances, and may have a flashing-point as low 
as 200° F. It must be pure [Kdroleuin oil. 

2. Its viscosity (compared with water at 60° F., using a P.R.R. 

standard 100 c.c. pipette), when determined at 60° F., 
should not be less than 1.2. "■ 

Screw Cutting Oil. 

1. This oil shall consist of paraffine oil of about 27° Baum4 

gravity compounded with not less than 25 per cent by 
weight of fat oil, cotton seed preferred. 

2. The compounded oil shall have a flashing-point not below 

300° F. and a burning point not above 425° F. 


Fish Oil. 

1 . It must have a flashing-point of not lower than 525° F. 

2. It must congeal at 43° F. 

3. It must be free from soaps of any kind. 

4. It must have a specific gravity of 21° Baum6. 

5. It must be free from dirt and impurities. 
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Barrels must be in good condition, and should any barrel 
contain water, dirt, or other impurities it will be rejected. 

t * 

Note, —The foregoing specifications follow very closely those gotten out 
by the Philadelphia & Reading R. R. under Robt. Job. 

Viscosity by the Universal •Standard Saybolt Viscosimeter.— 
The following viscosity figures were recently recommended to 
the author by a chemist of much experience in the manufacture 
of lubricants: 

Engine oil at 100° F., 150 to 200 viscosity; average 160 to 180. 

Heavy, dark engine oil at 130° F., 175 to 250 viscosity; average 

200 . 

Cylinder oil at 212° F., 150 to 200 viscosity; average 160 to 
170. 

Paraffine oil at 100° F., 110 to 150; for light work, 100, and for 
heavy work, 150 viscosity. The Saybolt viscosimeter is widely 
used. 
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RESULTS OF SOME OIL TESTS 


Cylinder Oil 



Acid 

Teat. 

Flash 

• 

Fire 

Viflcot- 
ity. 
212^ F 

Sp. 

Grav. 

Sap 

.Val. 

Cold 

Teat 

2/7/12. 

United. 

Per Cent 
0 168 

Degrees 

M6 

Degrees 

628 

1,53 

0 895 

20 53 

Degrees 

40 

Cylinder oil.... 

0 279 

555 

030 

184 

0.89 

22 61 

37 

Capitol. 

0 232 

560 

646 

197 

0 898 

22 24 

36 

Dark crescent... . 








3/18/12 








Capitol. 

0.120 

.505 

5.58 

161 

0 914 

18 30 

39 

8/13/12. 









0 00496 

492 

.526 

13!) 

0 910 

22 45 

26 

High standard. . .. 

0 0021,5 

508 

552 

185 

0 918 

17 84 

30 

No. 1 Oil City Oil .. 

0.0010 

590 

642 

189 

0 890 

16 93 

37 

No. 2 Oil City Oil .. 

0.00108 

555 

622 

162 

0 884 

16.45 

32 


0 00223 

505 

570 

148 

0 880 

21 25 

42 


0.003 

402 

522 

125 

0 882 

8 98 

44 

Capitol cylinder oil . 

0 002 

551 

618 

178 

0 893 

0 41 

41 


Luhiucatinu Oil 


! 

Acid 

Test 

Flash 

Fire 

Viacoa-' 

ity, 1 
212^* F 

Sp 

Gray. 

Sap 

Val. 

Cold 

Teat 

Brook's . 

0 144 

558 

628 

160 

0 892 

17.60 

35 

Young’s . 

0 113 

530 

588 

134 

0 895 

30 24 

46 

Voegley . 

0 258 

546 

624 

185 

0 890 

21.78 

40 

W. V. Lub. 

0 139 

357 

399 

loi 

0 884 

8.029 

15 


Mibcellaneoub Oils 



Acid 1 
Teat 

Flash 

Fire 

V 

Viscos¬ 
ity. ' 
2 i2«F 

G®mv 
60* F 

Cold * 

Teat. 

1 

Sap 

Val. 

8/22/12. 

Roll oil. 

0 016 

0 0038 

404 

488 

459 

552 

187 

142 

0 870 
0 860 

17°F. 

35.6”F. 

20.12 

2.82 

Torch oil. 


205 

229 

50 

0.844 

5.5 


Sap. 

Value. 

Viacoa- 
ity at 
70* F. 

Viacoa* 
ily at 
212* F 

Flaab 

Point. 

Fire 

Teat. 

3/27/11. 

61 

Q 

92 

384* 
_ 1 
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CHAPTER XIX 


Part II 

THE TESTING OF COAL 

External Moisture.—By this term is meant the rain, snow, 
or mine, or barge water adhering to the surfaces of the coal. 
For this determination samples should be put at once into Mason 
jars supplied with screw tops atid rubber washers or gaskets. 
The jars should be filled at the place of sampling and the tops 
screwed down, tightly, on the rubber. The jars can then be 
taken to the laboratory and allowed to attain the room tem¬ 
perature and weighed without opening them. After getting this 
weight, the jars are opened and the contents arc spread out in 
thin layers, taking care that this operation is performed without 
the smallest loss of the weighed coal. The opened jars are 
placed in a bath of hot air to dry. The rubbers are removed and 
marked the same as their respective jars during the drying of the 
latter at a temperature of about 80° C. The contents of the jars 
are also labeled and are dried, without any crushing, at a tem¬ 
perature of 100° C. for several hours until all evidences of external 
dampness is gone and the fines in the samples have a tendency 
to be dusty. The tests are then returned to their respective 
containers; the rubbers and tsips are also returned to their jars. 
The jars and their dried contents are again weighed after regain¬ 
ing the room temperature. The dry, empty jars with caps and 
rubbers on were also weighed in the meantime. The weight 
of the jars and the wet contents less the weight of the jars and 
the dry contents equals the weight of external moisture. The 
weight of the external moisture multiplied by 100 and divided 
by the weight of the corresponding jar and wet contents, from 
which has been deducted the weight of the dry empty jar, con¬ 
stitutes the per cent of external moisture. All weights referred 
to are taken with the caps and rubbers on the jars and ar.o made 
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on a torsion balance. This balance is of 10 kilos capacity and 
sensitive to a tenth of a gram. For these tests large samples are 
taken, from 1 to 2 pounds. ^ I 

Internal Moisture .—The sample after being used for the deter¬ 
mination of the external moisture is crushed to 100 mesh or finer 
and 1 gram of the powdered coaHs dried for one hour at 105° C. 
The loss of weight constitutes the internal moisture which is 
reported in percentage. The sample is dried in a 20 c.c. platinum 
crucible. 

Volalik Matter .—Place the crucible containing the sample on 
which the internal moisture determination was made in a 
ni-chrome triangle supported 8 cm. above the top of a Bunsen 
burner and play a flame 10 cm. high back and forth across the 
bottom of the crucible which is covered with a tightly fitting 
lid. Continue this heating for four minutes. Then place the 
burner directly \mder the crucible with the flame stationary and 
increase the length of the flame to 20 cm. Continue to heat 
for seven minutes more. Cool in a desiccator and weigh. The 
loss of weight constitutes the volatile matter. 

The Committee on Coal Analysis of the American Society for 
Testing Materials and the American Chemical Society recom¬ 
mend that the volatile matter be determined in a 10 gram plati¬ 
num crucible, using a capsule lid, that is, one that fits inside the 
crucible. The crucible and its 1 gram sample can then be placed 
in a muffle heated to 950° C. and maintained at this tempera¬ 
ture for seven minutes. The author would jirefer to use an elec¬ 
trically heated muffle furnace * which every lalwratory should 
have, without fail, and can make at a low cost for this purpose. 
See Making and Repairing of Laboratory Electric Furnaces, 
page 505. The crucible is placed on a ni-chrome triangle support 
bent so as to keep the bottom of the crucible clear of the floor 
of the furnace. 

Fixed Carbon and Ash .—The residue remaining in the crucible 
after the determination of the volatile matter is heated to a dull 
red and maintained at this heat until all carbon is burned away. 
The operation can be facilitated by supporting the crucible in a 
slanting position with the lid only partly covering it. Also 
occasional stirring of the mass in the crucible, using great care to 

•The electric muffle is ventilated by a regulated stream of air drawn 
from the compressed-air pipe. 
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prevent loss of th# ash, will expedite the removal of the carbon. 
When the ash has assumed a uniform gray or reddish color free 
of {(II black material, thp crucible is transferred to a desiccator, 
cooled and weighed, t The loss of weight due to this removal of 
carbon is calculated to percentage as fixed carbon, on a basis 
of 1 gram. 

The ash found in the fixed carbon determination can be 
calculated as such to percentage or the ash can be gotten on a 
separate 1 gram sample. The freshly weighed sample is at first 
smoked off on a Bunsen burner as described in the determi¬ 
nation of the volatile matter. The crucible is then raised to a 
dull red heat after all smoking is over and the heating is continued 
as already described. The extensive preliminary report of the com¬ 
mittee above mentioned can be found in the Journal of Industrial 
and Engineering Chemistry, Vol. 5, No. 6, pages 517-528. 

Heat Units.—Any of the well-known calorimeters can be used 
for this work. As the details of the operations of the instruments 
are always furnished with the latter, it seems quite unnecessary 
to repeat them here. The author would recommend that operator 
check his work and the instrument against some convenient 
material of known heat units. For this work the author has a 
standard coal powder on which the heat units were determined 
by the U. S. Bureau of Standards and a sample of the standard 
benzoic acid which is also furnished by the same institution for 
a small fee. The checking should be done at frequent intervals 
during the operationi of the calorimeter. 

Sulphur.—Grind together in an agate mortar 4 grams of 
magnesia and 2 grams of sodium carbonate until an intimate 
mixture of these materials is obtained. Mix thoroughly with 
four-fifths of this mixture 1 gram of the finely powdered coal 
in a platinum or porcelain crucible. Then put the other one- 
fifth of the mixture as a layer on top of the mixture of coal 
powder, magnesia and sodium carbonate. Place the crucible in 
an inclined position over the low flame of a Bunsen burner. 
Move the flame slowly back and forth under the crucible until 
it is very gradually brought to a low red heat on the bottom, 
and the mixture glows faintly under the top layer, as can be 
ascertained by giving the mass a slight stir with a ni-chrome 
wire. Continue this low heating imtil all black due to carbon 
is gone. Stir the mass at intervals. 
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Transfer the residue in the crucible, when the carlfcn is gone^! { 
to a casserole. Rinse out the crucible with about 40 c.c. of 
water,♦addiag the rinsings to the residue jn the casserole. Add 
70 c.c. pf bromine water to the casserole, co’jer'it with a watch - 
glass, boil ten minutes, remove the cover, add 50 c.c, of cone. 
HCl and evaporate to drynesp. (?ool, add 20 c.c. of cone. HCl, 
heat, add 100. c.c. of water, filter out any insoluble matter and 
wash with dilute HCl. Dilute the filtrate and washings to 300 c.c. 
Heat to boiling and add 25 c.c. of a saturated solution of barium 
chloride diluted with 75 c.c. of water. Let the barium sulphate 
settle for several hours, preferably overnight. Finish as in 
gravimetric sulphur in steels. 

For a check the operator can carry through the factor weight 
as recommended by the before mentioned committee. The 
above is a modified form of the Eschka method. Blanks should 
be carried through all of the above operations and deducted. 

For a checlc method 1 gram of the powdered coal can be fused 
in the calorimeter bomb with sodium peroxide and potassium 
chlorate per directions given with the calorimeter. Also 0.5 gram 
of coal can be fused in a platinum crucilde with a mixture of 15 
grams of sodium carbonate and 5 grams of pota.ssium nitrate, 
dissolved out in water, transferred to a casserole, acidulated 
\ ith HCl and finished as in the E,schka method. A further 
(heck method is to fuse 0.5 gram of the powdered coal with 
a mixture of 15 grams of sodium peroxide and 7.5 grams of 
sodium carbonate in an iron crucible. ThS* melt is dissolved 
out in water, acidulated with HCl and finished as in the other 
methods. 

The barium sulphate, obtained by any of the methods given, 
must be moistened with a few drops of dilute sulphuric acid 
after it has been ignited free of carbon. It is then ignited again 
to free it of the excess of the sulphuric acid. This insures . 
against the presence of barium sulphite due to the reducing 
action of the burning filter paper. 

Phosphorus .—Obtain the ash from 1.63 grams of the coal by 
burning the same on a low flame in a 20 gram platinum crucible. 
Fuse the ash with twenty times its weight of sodium carbonate 
and 0.100 gram of niter. Dissolve otit the fusion with water, 
and transfer it to a casserole and acidulate with HCl, keeping 
the casserole covered to avoid loss. Heat until all spraying is 
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over; evaporate to dryness, eool, redissolve by first heating with 
10 c.c. of cone. HCI. Add 50 c.c. of water. Heat, filter, add a 
few drops of ferric chipridc solution unless there is enough iron 
present to give a red precipitate with ammonia in the filtrate and 
washings.. Wash the ammonia precipitate a few times with water 
and then dissolve it off the filler with 20 c.c. of 1.20 nitric acid. 
Use the acid hot and pour it back on the filter until all of the 
iron hydroxide, which will carry all of the phosphorus, is dis¬ 
solved off the filter. Wash the filter with some 1 : 40 nitric acid 
about twenty times or until the washings do not give an appre¬ 
ciable iron test with KCNS. Evaporate the filtrate and wash¬ 
ings to 15 c.c. Add 15 c.c. of water, boil with a slight excess of 
KMn 04 solution, clear the excess of manganese oxide away with 
ferrous sulphate, add molybdate to the hot solution and finish 
as in steel. 

Those who are interested in more elaborate details are referred 
to the preliminary report of the committee already referred to, 
or to Technical Paper No. 8 of the Department of the Interior, 
Bureau of Mines, Washington, D. C., Entitled Methods of 
Analyzing Coal and Coke, by Frederick M. Stanton and Arne C. 
Fieldner. The authors also give the method they use for the 
determination of nitrogen in coal. The preliminary report of the 
Committee on Coal Analysis can be found in Vol. 5, No. 6, of 
the Journal of Industrial and Eng. Chemistry. 

Coke Analysis.— Carbon .—The author determines the total 
carbon, as in the mialysis of graphite, by burning 0.200 gram of 
the coke in the electric combustion furnace. 

The sulphur is obtained by fusing 0.5 gram of the coke in an 
iron crucible with 15 grams of sodium peroxide mixed with 10 
grams of sodium carlwnate. The fusion is then dissolved out 
with water and finished as given for sulphur in coal. 

The ash is obtained as in coal. 

The Determination of Sulphur in Crude Petroleum 

Method No. 1.—The steel chemist is occasionally called 
upon to report on the sulphur content of crude oil. The 
following methods check nicely: Make an intimate mixture 
of 15 grams of dry sodium peroxide and 7i grams of sodium 
carbonate. Place about two-thirds of this mixture in an iron 
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crucible. Stir into it 0.2 grain of the oil. Do not use over 
0.3 gram of the oil or it will explode when the heat is applied. 
Then put on the top of the oil and the ?Ja 202 +Na 2 r 03 mixture, 
the balance of the Na202 and .sodium oaroonate. Then apply 
heat gently until the reaction* is over. Then heat until the 
flux is melted; dissolve out the fusion; acidulate it with HCl; 
evaporate; take up in HCl and water; filter and precipitate the 
sulphuric acid formed with barium chloride, and finish the sulphur 
in the usual way. 

Method No. 2.—Place 1 gram of potassium chlorate, 0.2 gram 
of benzoic acid, and 15 grams of sodium [X'roxitle in the cartridge 
of a Parr or other calorimeter. Stir into this 0.2 gram of the 
oil until the mixture is complete. Then fire the mixture as in 
a heat unit determination. This method is given by Parr. 
Fini.sh as in Method No. 1. 

An oil that gave very high sulphur steel when it was used as 
fuel in the open hearth furnace showed the following sulphur 
by the two methods: 


1 

No 1 Muthod ' 

No 2 Method. 


IVr (’“ut 

Per Cent 

Sulphur 

3 89 

3 70 



3 71 



CHAPTER XX 


Part I 

THE PERCENTAGE REDUCTION OF A SUBSTANCE IN SOLUTION 
TO ANY DESIRED PERCENTAGE 

Let P=the percentage of the substance in the concentrated 
solution; 

p=the lower and desired percentage of the substance; 

A = the specific gravity of the concentrate(J solution; 

W = the amount of water necessary to add to 1 c.c. of the 
cone, solution to reduce it to the desired lower per¬ 
centage. 



Calculations .—Suppose the specific gravity of a given sample 
of nitric acid is found by means of a hydrometer to be 1.400 at a 
temperature of 20° C. By table No. 1 we find that the difference 
in specific gravity for 1° C. between 1.37 sp. gr. and 1.405 is from 
0.0013 to 0.0014, or a total difference of 0.0001 for a variation of 
0.036 in specific gravity. Now 1.400 is 0.030 above 1.37 in specific 
gravity, therefore the correction for 1° at 1.400 is 0.0013-fff 
of 0.0001, or 0.0013-1-0.000085, or 0.001385. Since the tem¬ 
perature was 20 °, then the specific gravity of the given acid if 
cooled to 15° would be 1.40-1-0.00138 X 5, or 1.4069. By the 
table we find that the nearest specific gravity, or 1.405, gives a 
percentage of 66.40. Further, the percentage correction at this 
point for 0.001 of specific gravity is 0.220. Therefore,, the 
percentage of the given concentrated acid at 15° would be 66.40-1- 
0.220X 1.9, or 66.4-1-0.418, or 66.§18, or P in the reduction formula. 

For example, if it is desired to reduce this 66.818 per cent 

06 818“*" 32 00 

acid at 15° to 32 per cent acid at 15°, then we have — qo 06 ~ — ^ • 
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1.4069, or 1.4069, or 1.088X1.4069, or 1.530, or every c.c. 

of tbe acid requires 1.5307 c.c. of wate* to reduce it to 32 per 
cent at 15° C. By consulting table No. 2«it will be seen that 
1000 c.c. acid of 1.407 specific gravity requires 1531.8 c.c. of- 
water to reduce it to 32 per cent*acid at 15° C. 

In like manner, if it is required to obtain 20 per cent acid from 

66.818 per cent acid: — ^ ^ X1.4069, or 1.4069, 

or 2.3409X1.4069, or 3.2934. That is, 1 c.c. of 66.818 per cent 
acid requires 3.2934 c.c. of water to dilute it to 20 per cent acid 
at 15° C. 

Use of Table No. 2.—Having by means of 'Table No. 1 calcu¬ 
lated the observed specific gravity to 15°, then from Table No. 2 
the amount of water required to reduce such an acid to 32 per 
cent or 20 per cent is re:}d either direct or by interpolation. 

In a similar way one can reduce concentrated ammonia to any 
desired lower percentage, the only difference teing that in cal¬ 
culating to 15° C. the correction for percentage is subtractive 
instead of additive as in the case of acids, the reason, of course, 
being that the greater the density of ammonia solution in water, 
the lower the percentage of NHs therein. 

If one needs to prepare from concentrated ammonia an 11..50 
per cent solution, first, dilute 2 parts of the former with 1 part 
of water and cool to the room temperature. Let the reading 
be 0.9385 at 23° C. The correction for 1° 0. at 0.938 by Table 
No. 3 is 0.0004 for specific gravity. The total correction for 
the 8° is 0.0004X8, or 0.0032. The specific gravity of the 
ammonia at 15° is therefore 0.9385-1-0.0032, or 0.9417. By the 
table the nearest lower specific gravity is 0.940, which corre¬ 
sponds to 15.63 per cent ammonia. The percentage correction 
for 0.001 of specific gravity at this point is 0.295. Therefore, 
the total correction is 0.295X1.7, or 0.5015. Hence, the per¬ 
centage for a specific gravity of 0.9417 is 15.63—0.5015, or 
15.^285. To reduce this percentage to 11.50 the formula gives 
the following: 

1^128-11-^X0.9417 = 0.297, 

11.50 

or 1 liter of this ammonia would require 297 c.c^ of water to 
dilute it to 11.50 per cent at 15° C. 
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TABLE l.-AQUEOUS SOLUTIONS OF NITRIC ACID 


From a Tabic by Lunge and Rey. Specific Gravities and Percentages HNOj. 


Specific 

Gravity, 

Percent¬ 

age 

HNOj. 

Diffe^^nce 
in Specific 
Gravity 
for rc. 

between 
13® and 
17®. 

Difference 
in Per¬ 
centage 
for 0 001 
Specific 
Gravity. 

Specific 

Gravity 

4^0, 

Percent- 

HNOj. 

Difference 
ID Specific 
Gravity 
for I® C 
between 
13® and 
17°. 

Difference 
in Per¬ 
centage 
for 0 001 
Specific 
Gravity. 

1.055 

9.84 

0 0003 


1.280 

44.41 

0 0009 

0.154 

1 060 

lores 

0 0003 

0 168 

1.285 

45.18 

0 0010 

0 1.54 

1.065 

11 51 

0 0003 

0.166 

1 290 

45.95 

0 0010 

0 1.54 

1.070 

12 33 

0 0003 

0 164 

1 295 

40 72 

0 0010 

0.1,54 

1.075 

13.15 

0.0004 

0 164 

1 300 

47.49 

0 0010 

0 1.54 

1.080 

13.95 

0.0004 

0 160 

1.305 

48 26 

0 0010 

0 1.54 

1.085 

14.74 

0.0004 

0.158 

1,310 

49 07 

0 0010 

0 162 

1.090 

15 53 

0.0004 

0.158 

1 315 

49 89 

0 0011 

0 164 

1 095 

16 32 

0.0004 

0.1.58 

1.320 

.50 71 

0 0011 

0 164 

1.100 

17.11 

0.0004 

0 158 

1.325 

51 ,53 

0 0011 

0 164 

1.105 

17 89 

0.0005 

0.1.50 

1 330 

,52 37 

0 0011 

0 168 

1.110 

18.67 

0.0005 

0.1.56 

1 335 

.53.22 

0 0011 

0 170 

1.115 

19 45 

0 0005 

0.1,56 

1.340 

54 07 

0 0011 

0 170 

1 120 

20.23 

0 0005 

0.1.50 

1 345 

54 93 

O'OOll 

0 172 

1.125 

21.00 

0.0005 

0 1,54 

1 3,50 

.55 79 

0 0011 

0 172 

1 130 

21.77 

0 0005 

0 1.54 

1 355 

56 66 

0 0012 

0 174 

1 135 

22 54 

0 0006 

0 1.54 

1 380 

57 57 

0 0012 

0 182 

1 140 

23 31 

0 0006 

0 1,54 

1 365 

.58 48 

0 6012 

0 182 

1 145 

24 08 

0 0006 

0 1,54 

1 370 

59 39 

0 0013 

0 182 

1.150 

24.84 

0.0006 

0 1,52 

1 375 

60 30 

0 0013 

0.182 

1.155 

25.60 

0 0008 

0 1.52 

1 380 

61 27 

0 0013 

0 191 

1.160 

26 36 

0.0006 

0 1.52 

1 385 

62 24 

0 0013 

0 194 

1.165 

27 12 

0.0007 

0 1,52 

1 300 

63 23 

0 0013 

0 198 

1.170 

27 88 

0 0007 

0,152 

1 305 

64 25 

0 0013 

0 204 

1.175 

28 63 

0.0007 

0 1.50 

1 400 

65 30 

0 0013 

0 210 

1.180 

29 38 

0 0007 

0 1.50 

1 1 405 

06 40 

0 0014 

0 220 

1 185 

30.13 

0 0007 

0 1.50 

i 1 410 

07 .50 

0 0014 

0 220 

1.190 

30 88 

0 0007 

0.1,50 

1 1 415 

68 63 

0 0014 

0 226 

1.195 

31 62 

0 0007 

0 150 

1 1 420 

69 80 

0 0014 

0 234 

1.200 

32 36 

0.0007 

0 148 

1.425 

70 98 

0 0014 

0 23:i 

1.205 

33 09 

0 0008 

0 146 

1 1 430 

72 17 

0 0014 

0 238 

1.210 

33 82 

0 0008 

0.146 

1.435 

73 39 

0.0014 

0 244 

1.215 

31.55 

0 0008 

0 146 

1 440 

74 68 

0.0015 

0 258 

1.220 

35.28 

0 0008 

0 146 

1 445 

75 98 

0 0015 

0 260 

1.225 

36.03 

0.0008 

0.1.50 

1.4.50 

77.28 

0,0015 

0 260 

1.230 

36.78 

0 0008 

0 150 

1.455 

78,60 

0 0015 

0 264 

1.235 

37.53 

0 0008 

0 150 

1.460 

79.98 

0 0015 

0.276 

1.240 

38 29 

0 0008 

0 152 

1.465 

81,42 

0 0015 

0 288 

1.245 

39 05 

0 0008 

0 1.52 

1 470 

82.90 

0 0015 

0 296 

1.250 

39 82 

0 0009 

0.154 

1.475 

84.45 

0 0015 

0 310 

1.255 

40 58 

0.0009 

0 152 

1.480 

86 05 

0 0015 

0 320 

1.260 

41 31 

0 0009 

0.152 

1.485 

87.70 

0 0015 

0 330 

1.265 

42.10 

0.0009 

0.152 

1,490 

89.60 

0 0015 

0.420 

1.270 

42.87 

0.0009 

0.154 

1,495 

91 60 

0 0016 

0.400 

1.275 

43.64 

0.0009 

0.154 

1.500 

94.09 

0.0016 

0.498 
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TABLE II.—DILUTION OF CONCENTRATED NITRIC ACID 

To 20 and 32 Per Cent 


Specific 

(Jravity 

HNO> 1 
at 15“ C 

Water Added to 
1000 c c. 

i 

Variation 
in Weight, 
Water for 
1“ C 

Specific 
(Jravify 
,HNO* 
ft 15“ C 

WAfKR Added TO 
1000 cc 

Variation, 
in Weight, 
Water lor 
1“ C. 

20 Per 
{'cut 

32 Per 
Cent 

' 20 Per 
Cent 

.32 Per 
Cent 

1 395 

3086 4 

1405 9 

I 1 38 

1.433 

3790 5 

1831 7 

1 88 

1 3!)» 

3103 3 

1415 8 

1 1 39 

1 434 

3810 6 

1843 9 

1 90 

1 397 

3120 2 

1425 7 

! 1 40 

1 435 

3*10 7 

1856 1 

1.91 

1 398 

3137 1 

143.5 7 

1 41 

i 1 436 

38,52 0 

1869 0 

1 92 

I 399 

31.54 0 

1445 6 

1 42 

1 437 

3.873 3 

1881.9 

1 94 

1 400 

3171 0 

14.56 9 

1 43 

1 438 

3894 6 

1894 8 

1.96 

1 401 

3188 7 

1467 1 

1 44 

1 439 

3915 9 

1!H)7 7 

1 98 

1 402 

3206 4 

1477 4 

1 46 

1 440 

3937 0 

1920 6 i 

2 00 

1 403 

3224 1 

1487 6 

1 47 

1 441 

3958 5 

1933 7 1 

2 02 

1 404 

3241 8 

1497 9 

1 48 

' 1 442 

39S0 0 

1940 8 , 

2 03 

1 405 

32.59 6 

1510 4 

1 49 

1 443 

4001 5 

1959 9 ! 

2 05 

1 406 

3277 8 i 

1.521 1 

1 50 

1 1 444 

4023 0 

1973 0 , 

2 06 

1 407 

3295 5 

1.531 8 

1 .52 

■ 1 415 

41M4 6 

1986 0 ' 

2 07 

1 408 

3313 2 

1542 5 

1 .53 

1 446 

4066 2 

1999.2 

2 09 

1 409 

; 3330 if 

15.53 2 

1 55 

1 447 

4087 8 

2012.4 

2 10 

1 410 

1 3348 8 : 

1.564 2 

1.57 

1 448 

4109 4 

2025 6 

2 11 

1 411 

3367 2 ! 

1575 3 

1 58 

1 449 

4131 0 

2038 8 

2 12 

1 412 

3385 6 : 

1,586 4 

1 .59 

1 4.50 

41.52 8 

2051.8 

2 13 

1 413 

3404 0 : 

1,597 5 

1 60 

j 1 451 

417.5 1 

2065 2 

2 15 

1 414 

3422 4 1 

1608 6 

1 61 

1 4,52 

4197 4 

2078 6 

2 17 

1 415 

3140.6 ; 

1619 7 

1 02 

1 4.53 

4219 7 

2092 0 

2 19 

1 416 

34.59 6 

1631 2. 

1 03 

1 4,54 

4242 0 

2105 4 

2 21 

1 417 

3478 6 

1642 7 

1 65 

1 4,55 

4263 2 

2118 8 

2 22 

1 418 

3497 6 

10.54 2 

1.66 

1 4.56 

4286 3 

2132 9 

2 24 

1 419 

3516 6 

1665 7 

1 68 

1 457 

4309 4 

2147.0 

2 25 

1 420 

3.53.5 8 

1677 4 

1 70 

1 4.58 

4332 5 

2161 1 

! 2 26 

1 421 

3.5.55 1 

1689 1 

1 70 

1 4,59 

4355 6 

2175 2 

1 2 27 

1 422 

3.574 4 

1700 8 

1 70 

1 400 

4374^5 

2189 1 

1 2 28 

1 423 

3.593 7 

1712 5 

1.70 

1 461 

4402 6 

2203 7 

2 30 

1 424 

3613 0 

1724 2 

1.70 

1,462 

4426 7 

2218 3 

2 32 

1 425 

3632 3 

1735 8 

1 72 

1 463 

4450 8 

2232 9 

2 34 

1.426 

3651 9 

1747.6 

1 72 

1 464 

4474 9 

2247 5 

2 36 

1 427 

3871 5 

17.59 4 

1 74 

1 465 

4499 0 

2262 3 

2 38 

1 428 

3691 1 

1771 2 

1 77 

1 466 

4623 8 

2277 5 

2 41 

1 429 

3710 7 

1783 0 

1.79 

1 467 

4.548 6 

2292 7 

2 44 

1 430 

3730 2 

1795 1 

1 82 

1 468 

4.573 4 

2307 9 

2 47 

1 431 

3750 3 

1807 3 

1 84 

1.469 

4.598 2 

2323 1 

2.60 

1 432 

3770 4 

1 

1819 5 

1.85 

1.470 

4623.2 

2338 3 

2.55 


For further illustration, suppose it is necessary to obtain the 
percentage of ammonia corresponding to a specific gravity of 
0.947 at 22°. The correction for specific gravity per 1° of 
temperature at the nearest point in the table (0.946) is 0.00036. 
As the reading was taken 7° above the 15°, then the total cor¬ 
rection is 0.00036 X 7, or 0.0C252, and the corrected reading is 
0.947+0.00252, or 0.9495. The nearest lower specific gravity in 
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Table No. 3 is 0.948, being equivalent to a percentage of 13.31. 
Now the correction for percentage at this point is 0.285 for every 
0.001 of specific gravity. The total correction is 0.285X'l.5, or 
0.427. The percentage of the ammonia for 0.9495 at 15° is 
13.31—0.427, or 12.88 per ccqt. 


TABLE III.—SPECIFIC GRAVITIES OF AMMONIA SOLUTIONS 


LuD£e aad Wicrmk. 


Specific 
Gravity 
at 15*' C 

1 

Per Cent 
NHt 

Difference 
in SpenBc 
Gravity 
for I*’ C. 

Differenee 
in Per Cent 
ft.rOOOl 
Specific 
Gravity 

Snecific 
(jravitv 
at 15^ C 

Per Cent 
NHi 

Difference 
in Specific 
Gravity 
for C 

DifTerencc 
in Per Cent 
for 0 0()l 
Specific 
Gravity 

0 980 

4.80 

0.00023 


0 930 

18 

64 

0 00042 

0 305 

0 978 

5 30 

0 00023 

6.2.50 

0 928 

19 

25 

0 00043 

0 305 

0.976 

5.80 

0 00024 

0 2.50 

0 926 

19 

87 

0 00044 

0 310 

0 974 

6 30 

0 (X)024 

0 2.50. 

0 924 

1 20 

49 

0 00045 

0 310 

0 972 

6 80 

0.00025 

0.250 

0 922 

21 

12 

0 (K)046 

0 315 

0 970 

7 31 

0 00025 

0 2.55 i 

0 920 

21 

75 

0.00047 

0 315 

0 968 

7.82 

0.00026 

0.2,55 

0 918 

22 

39 

(f 00048 

0 320 

0 966 

8 33 

0 00026 

0 255 

0 916 

23 

03 

0.00049 

0 320 

0 964 

8.84 

0 00027 

0 255 

0.914 

23 

68 

0 000.50 

0 325 

0.962 

9 35 
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CHAPTER XX 


Part II 

PLAN AND VIEWS OF CHEMICAL LABORATORY FOR STEEL WORKS 
PRACTICE 

The working drawings show an extension planned by the 
author, and added to the laboratory of the Park Works of the 
Crucible Steel Co. of America. (Pages 484 and 490) 

Central Rouble tables arc located at D, I), and single side 
tables at H, F, E, J, I, and a single center one at 0, Fig. 39-1. 
Tables D, D, and E are supplied with gas at 8-ounce pressure, 
compressed air at about 80 ))ounds and water as shown. At 
the small deep stone sinks on the ends of the tables are brass 
water power pumps. Illustration 20, page 298, gives a view of 
one of these suction outfits where fijur chromium-vanadium tests 
can be filtered through porous aluiulum thimbles, contiected to 
one pump by means of a glass manifold. The circles represent 
the large wash bottles that are placed on hi^h pedestals. 

View 40 shows these bottles above the tables. No. 41 shows 
t^e hoods. The halves of D, D, Fig. 39-1, facing the center 
aisle are used for combustion work. There is abundant room 
for eight outfits, four on each half. View 42 show.s four combu.s- 
tion furnaces with trains. The other halves of I), D, are for 
general analytical work and serve the hoods C and li, P'ig. 39-1. 

All hoods are equipped with water and extra luaivy lead waste 
pipes for condensers. View 43 shows one of these brass water 
cocks of which there are two in each division of the hoods. View 
43. also shows the way in which the gas i.s distributed to the 
various burners from gas cocks concealed in the hood cupboards 
below. All working surfaces of the hoods and the tables are 
covered with stone slabs. All heating apparatus is placed on an 
upper slab set on wooden cross pieces leaving an air space of 
about U inches. This removes danger of the stone slabs being 

483 



484 PLAN AND VIEWS OF A CHEMICAL LABORATORY 



It Laboratory Office ^ Metanarglcal Laboratoxy 

































VIEW OF GRAVITY WASH BOTTLES 
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View 40. 



















VIEW OF TABLE FOR CARBON’ Fl’RNACES 


487 





488 PLAN AND VIEWS OF A CHEMICAL LABORATORY 



View 44, 
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cracked by radiated heat. The l)a('k waits of hoods art; of acid- 
proof brick with a white surface as shown in Vicnvs 41, 4,8, 44. 
The latter show the way the hoods arc (jttod with sliiiing doors 
and are framed with cal)inct-finishcd straight-sawed oak. The 
sliding doors the author has found to be far supcrioi' to any 
others. The hoods along the wftlls of the laboratory are much 
to be preferred to center hoods. The latter cut off the light, do 
not have a gooil draught and cannot be backed with acad-proof 
material. Again the center hood is peculiarly subject to dirt 
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dropping from its upper parts and its flues. If bits of mortar 
drop from flues, slanting sash can b(? set up as shown in the 
hood at the rear of View 44. These frames are supported on 
iron rods and can be removed in a few moments when it is 
desired to clean out the hoods. All tables, hoods, and exposed 
floor lines have stone baseboards to prevent the marring of 
the woodwork when the floors are mopped or scrubbed. The 
large sinks near the doorways are made of heavy acid-proof 
stoneware. The nipple at the outlet of the sink fits into a terra¬ 
cotta sewer via a trap of the same material. All joints are 
caulked with oakum and on top of the latter is poured hot 
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asphaltum. The sinks of this doscriptioii aro practically inde¬ 
structible. Fig. 45 gives the author's design and dimensions 
of this acid- and alkali-proof sink. The ^j'wc'r from such a sink 
should never lead away from it in a horizontal direction. The 
terra-cotta sewer from any sink into whicdi acid, alka.li, or any 
corrosive waste is poured should flrop vertically to the basement 
to prevent stoppages and leaks. To prevent broken gla.ss and 
other odds and ends from getting from the sink into the sewer, 
a false bottom of oak, perforated with one-tiuarter inch holes, 
should be provided. To prevent the pitc^h from running out of 
the joints in hot weather, it is safer to finish off the joints with a 
final layer of cement plastered firmly on top of the pitch; it is 
absolutely necessary to do this when it is impossible to avoid 
placing a length or two of pipe horizontally. 

The elevation of the balance table used in room 5 is shown 
in the drawing at H —1, Fig. 39-2, page 484. The elevations of 
the hoods and tables in rooms Nos. 4, 5, and 6 are given at 
A—1, B—1, C—1, D—\, fT-1, F—\, 0—1, 7—1, and J—1, 
respectively (see Figs. 39-2-3). 

The stone tops of all of the work tables are covered with sheet 
rubber packing of about one-eighth' inch thickness. This mate¬ 
rial makes a nice appearance and prevents considerable breakage 
of glassware. 



CHAPTER XX 
Part HI 


MICROSCOPIC EXAMINATION OF STEEL 

Preparation of Samples.—The author gives the following to 
save much time reading the long list of works on this subject 


published in the United States, England, and France for those 
of his readers wlio are novices in the microscopic examination 
of steel. The routine of the work is given in minute detail 
because success in this line of steel testing and study requires 
much painstaking attention for success. Imperfect polishing 
may put small depressions and irregularities in the specimen 
that render the microphotograph misleading. 
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For this work it is necessary to liave several cutting-off 
machines. A power hack saw is required for cutting soft steel 
and’annealed steel. The Starrett liack'saw with 14-inch blade 
answers very well for cutting soft steel sileciiuens or annealed 
steel (Photo 46). , 

For cutting hardened steel, Wilmarth Morgan No. 1.26 
surface grinder equipped with alunduin elastic cutting wheels 



Photo 47. 


12 inches diameter, ^ inch thick by inche.s, grit 24, grade G, 
running at 1500r.p.m., will speedily cut through the hard high¬ 
speed steel. See Photo 47. 

The section to be examined is cut from the piece submitted 
with power hack saw, if it is soft sb^el; grind off sharp edges 
and rough spots that arc liable to hold fine particles of grit on a 
carborundum wheel. A convenient stone for this operation is 
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an 8-inch diameter by 1 inch thick, grit 80, Grade G-5 (Carbo¬ 
rundum Co.'s make). See Photo 48. 

It is also necessary* to have a two-wheel machine for this 
carborundum wheel.* The surface to be polished is held against 
the side of this carborundum grindstone until the scratches of 
the previous cutting are removed. With every change of position 
during the cutting, the piece should be turned so that the new 
scratches will l)o at right angle to the previous ones. See 
Photo 48 for two-wheel machine. 




Photo 48. 

It is next held against a wheel covered with No. F Aloxit cloth 
(made by the Carborundum Co.) glued on a backing of a fiber 
board, screwed to a metal wheel disk on the two-wheel grinder. 
The scratches from the grindstone are held against the cloth 
until all scratches are gone. Also an endless belt polisher is 
very desirable at this stage. See Photo No. 49. It is next 
rubbed back and forth on No. I Hubert paper (French emery 
held by mucilage on plate glass). It is then further rubbed by 
hand on Nos. 0, 00, 000, French emery paper, if necessary. It 
is not always required to use all these grades of the Hubert paper. 

As the cutting paper becomes finer the pressure on the piece 
should be lessened and care must be taken that no grit or dirt 
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gets on the paper while rubbing the sample on it. After the 
final hand rubbing on No. 000 paper has been finished the piece 
is ready for the canvas wheel and carbsrundum mixture. The 
canvas wheel travels at 1275 r.p.m. See Plioto No. 50. 



Photo 49. 

This wheel is made by stretching canvas over a bra.ss disk 
and tying it to the wheel. The polishing medium is made as 


follows: 

' Carborundum (60 minutes). 300 gms. 

Water. 2400 c.c. 

HNO 3 concentrated . 20 c.c. 


Mix in a large bottle (3000 c.c.) and allow to stand till the 
liquid is clear or very nearly so. By means of a siphon draw off 
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the supernatant liquid ami discard it. Fill the bottle with 
water again to the same mark and allow to stand. When clear or 
nearly .so, siphon and discard the top liquid as before; and so on, 
until free of acid, or>until supernatant liquid retains a milky ap¬ 
pearance. This indicates the removal of all of the acid. Decant 
this cloudy liquid. 

Fill the bottle again with water to the mark and shake 
thoroughly. Make the mixture very faintly ammoniaeal. Shake 



Photo 50 

it and let settle for ten minutes, siphon off the liquid to within 
about three-fourths inch from the bottom. 

Keep this part just siphoned; shake it well and allow it to 
settle fifteen minutes. Siphon off the top liquid again, and 
keep the bottom mixture, which is the desired part. 

For use dilute this bottom layer with about 10 parts of water. 
To use apply it to the center of the revolving canvas-covered 
wheel with a wash bottle. The sample is held lightly against 
the canvas. The canvas wheel has a copper guard which 
catches the excess polishing mixture and drains same away. 

Buffing or Final Polishing.—A French felt, 10-inch jeweler’s 
buffing wheel is used for this operation. Wheel travels at 1275 
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r.p.m. The felt wheel is also encased in copper guards to catch 
excess moisture and drain same ofT. 'I'he felt is coated with 
alumuia-castile soap mixture made as folhjws: 


Aluminum oxide 3(X) gms. 

Water . . .. 2400 e.e. 

KNO 3 . 20 c.c. 


Mix in a 3-liter bottle and allow to settle till almost clear, 
taking about twenty-four hours. Siphon o(T the top licpiid, fill 
again with water and repeat the operation after settling. Fill 
up again with water to 3 liters inakr- very faintly ammoniaeal. 
Shake thoroughly and set aside for liftc'eu minutes. Then siphon 
off and discard the sludge. Shake' the siphoned fluid and set 
aside for thirty minutes. Siphon off the top liepiid and keei) the 
residue on the bottom which is of the desired fineness. This part 
is added to a^olution marie by dissolving lOt) grams eastile soap 
in 800 c.c. watr'f, boiling the mixture of .soap and alumina. 

This mixture is applied to the fr'lt wheel from a wash bottle. 
In polishing the piece it should be held very lightly against the 
wheel until all scratches are gone and thi' suiface has a mirror- 
like apixsarance. The polished piece must be washed in running 
water and dried on a soft towel and is then ready for the micro¬ 
scope for examination anti to be photographed for cracks and 
honeycombed structure (minutr! round cavities due to gas en¬ 
trapped during the freezing of the metal). These are found in 
steel that has not been thoroughly killed Ixrfor’e casting. ALso slag 
enclosures and oval segregations of manganese sulphide are best 
shown in the unetched photograph. 

On the microscope table a small wood block covered with the 
best grade of chamois skin should be at hand for rubbing dust 
particles or finger marks from the polished surface, immediately 
before microscopic examination. 

The Etched Photograph.—The microstructurc of the carbide.s, 
ferrite, pearlite, cementite, martensite, and austenite; and transi¬ 
tion bodies such as sorbite and troostite are brought out by 
etching with various solutions. A good etching medium is 1 c.c. 
of cone, nitric acid mixed with 10 c.c. of absolute alcohol. Hard¬ 
ened steel is held in this solution from fifteen to thirty seconds. 
Then washed off in alcohol alone and blown dry at once with 
compressed air filtered through a large bottle filled with glass 
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wool. Unhardened steel etches more rapidly and is held in the 
etching solution for from one second to thirty seconds, depending 
on the kind of steel. 

Picric Etch.—Make a solution of picric acid in alcohol 10 grams 
dissolved'in 100 c.c. of alcohol.,^ To this add an equal volume of a 
solution of 2 c.c. of cone, nitric acid dissolved in 98 c.c. of alcohol. 

Rosenham’s Reagent to Detect Phosphorus Segregation.— 
Dissolve 30 grams of ferric chloride, 100 c.c. of HCl, 1 gram of 
cupric chloride, and 0.5 gram of stannous chloride in 900 c.c. of 
water. For further details of etching solutions consult The 
Microscopic Analysis of Metals, by Osmond and Stead; Sauveur’s 
Metallography of Iron and Steel, and the numerous other works 
on this subject. 

Photographing of Samples .—Focusing Specimens .—^The author 
uses the Ldtz camera. See Photo No. 51. The specimens to 
be photographed should be placed on the table aboye the objective 
and the little arc light adjusted until the light is evenly distributed 
over the entire field. This is ati important operation, as unde¬ 
sirable shading on the plate will occur unless each part of the 
field receives the same intensity of light. By means of the rack 
and pinion on the table bring the section to be photographed 
in the center of the field, after getting the correct focus. The 
field now is just as the finished photograph will appear. 

Consult the chart showing the camera extension in centi¬ 
meters, using the various eyepieces and objectives. For the 
ordinary work use (iyepiece No. 2 and objective No. 3, the 100 
diameter magnification requires the camera to be extended 
68.5 cm. Pull out the eyepiece, which then allows the reflected 
light from the specimen to go through the camera and strike on 
the ground-glass plate in the back of the camera. Examine the 
figure closely to see that the picture is properly focused and the 
light evenly distributed. The light from the arc, if used directly, 
is entirely too strong, so a light filter must be used. Beat results 
are obtained by using a green glass filter No. “B.” Place the 
filter in the slot in the back end of the large condensing, lens. 
Examine the image again on the ground-glass screen and then 
by means of the shutter on the condensing lens, cut off the 
light. 

From the dark room get the plate holder containing the plate 
with the sensitive side of the plate next to the slide. Very 
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carefully, so as not to disturb the position of the specimen, 
remove the ground-glass plate and insert the plate holder. 

Exposure of Plate .—Pull out the slide on the plate holder, 
and with a stop watch at hand open the shutter (pii the con- 



Photo 51. 


densing lens, at the same instant starting the watch. The time 
allowed is a very important feature and must be estimated by 
several factors, namely, light intensity, nature of the piece being 
photographed, the kind and type of plate used, and the result 
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to be produced. Unetched pieces require much less time for 
exposure than etched ones, as they reflect more light. 

For our work we p.re at present using Wratten and Wain- 
wright “M” plates, made by the Eastman Kodak Co. These 
plates require about ten seconds’ exposure for unetched specimens 
and about twenty-five seconds tor etched ones. During the time 
of the exposure do not jar the apparatus, as the picture may 
become blurred. When the exact time of exposure is reached, 
close the shutter and push back tbe slide on the plate holder. 
Remove the plate holder and replace the ground-glass plate and 
push in the eyepiece. The apparatus is then ready for the next 
specimen. 

Developing .—Take plate holder to the dark room and remove 
the plate from the holder, the only light being that from the 
green safe light. The sensitive side of the plate is the white 
side; near one corner, on this side, mark the number of the 
picture with a pencil. 

Immerse the plate in the developer with the sensitive side 
up and at the same time, start the stop-watch. The developer 
is made as follows, and should be poured into the mixture in the 
order as numbered below: 

No, 1. 14 grams of metal 

No. 2 . 5 8 grams of hydroquinone 

No. 3 . 21 0 grams of sodium sulphite 

No. 4 39 0 grams of sodium carbonate 

The above should be mixed in 900 c.c. distilled water. 

In a large graduate measure 900 c.c. of distilled water. Use 
part of this water to dissolve each of the above in separate 
beakers. When the contents of each beaker are dissolved, pour 
all into a brown glass bottle and add the remainder of the water. 
A roll of strip zinc is kept in the bottle acting as a preservative 
for the developer. To use, pour enough developer in a hard 
rubber tray to cover the plate. Make up fresh as needed. 

Using this developer, the time as stated before will require 
three minutes to develop the plate to the right point. When the 
time is up, remove the plate and hold by the edges under water, 
sensitive side down. With the fingers of the free hand rub off 
the black backing, being sure to remove it all. Turn the plate 
over; hold under the faucet and with the heel of the hand rub 




PHOTOGRAPHIC FIXING BATH 


501 


lightly the whole surface of the plate. Then place the plate 
in the tray containing the fixing bath made as follows: 

• 

Sodium thiosulphate 480 grams 

Sodium sulphite 30 grams 

Potassium aluminum suipnate 30 grams 

A solution of glacial acetic acid, 28 c.c. and 72 c.c. water 

Dissolve the alum separately in 200 c.c. of water, the rest 
of the ingredients in 2000 c.c. of water. Then add the alum 
solution last, to prevent clouding. 

After the developed at\d washed plate hits been in this fixing 
solution for four minutes, light will not attack the plate, so it 
may now be examined by holding against an electric light. Keep 
it in the fixing bath for at least ten minutes, preferably fifteen. 
After this time is up place the plate in a tray of running water, 
film side up, aiyl allow the water to wash it for a half hour or more. 
When washed, place in a plate drying rack till thoroughly dry. 
Care must be taken not to allow any dust to settle on the plates, 
and also during handling not to scratch the films. The prop<u 
temperature for all solutions is 60° to 65° F. When it is thought 
that the plate may have been over-exposed, add several drops 
of 10 per cent KBr in water to the developer. This retards the 
development. 

Fruiting .—Place the plate in the printing frame with the film 
side up, then hold up to the light and adjust the mat over the 
part desired on the print. Hold the mat \^Rth the thumb and 
turn off the bright light, during printing a ruby lamp or orange 
shade should be used. Place a sheet of printing paper over the 
mat with the film side against the film side of the plate. Glossy 
velox paper is satisfactory. On the side of the paper which is 
now up, mark the same number which is on the plate. Put on 
the heavy blotter over the paper and then the back frame of the 
holder; snap the springs under the catches. Place the printing 
frame in the holder in the top of the light box (five lamps, 60 
watts under ground-glass cover). The time of exposure depends on 
the intensity of the plate. The best method to get the correct 
time for exposure is to make several trial prints. The time of 
exposure varies from five seconds to minutes. 

Ordinarily, plates of etched specimens require about ten to 
fifteen seconds’ exposure. After the print is exposed remove 
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the paper and place in a tray containiiiR the same kind of developer 
used for the plates with several drops of KBr solution added. 
Immerse quickly and rook the tray slowly until the pfcture is 
at the desired irfoonsity. Remove quickly and wash under the 
faucet for several seconds. ^Then place in a tray containing 
the same fixing bath used for the plates. It should remain in 
the fixing bath for twenty minutes. Light will not affect the 
print as soon as it is placed in the fixer. After the print is fixed 
for twenty minutes it should bo wa.shed in the same manner 
as for plates for at least one hour in bath of running water. U.se 
a small tank with plate rack in it supporting the plates on 



Photo 52. 


edge in the rack. After washing, place pi(durc side against the 
drying tin plate and with the rubber roller roll off as much water 
as possible. The print will drop off the drying plate when the 
drying is completed and picture is ready for mounting. The 
prints are cut on a trimming board (Eastman’s). 

Deep Etching with Dilute Sulphuric Acid.—In the second edi¬ 
tion of “Special Steels,” page 223, the author called attention to a 
scheme for detecting segregation; defects; and lack of soundness 
by etching polished steel surfaces with dilute H2SO4. The authojr,, 
now uses a mixture of 5 parts by volume of cone, sulphuric 
diluted with 20 parts of water, In this way, by allowing 
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acid to act for several hours, all sorts of defects can be detected 
that are never found by the microscope because of the exceedingly 
small postion of the area of the sample inclmled in section taken 
for microscopic examination. By the etching jriethod there is 
no limit as to size of the piece of steed that can be examined, 
except the dimensions of the eteWing tank. For such tests, 
except for the detection of exceedingly small flaws, a high polish 
is not necessary. Simply a comparatively smooth surface is 
needed. The pickling should be continued until all of the scale 
has been removed from the unp<jlished parts. Photo No. 52 
shows a sample of stc('l containing many minute (k'fects that the 
flow of the tnetal during high polishing may hide or the section 
being polished may not include. A long etch of several hours 
tells the story of why the steel failed. 

Etciiinj Solution for 14'Chromium Stekl and Stellite 

Immer.se for two minutes, if necessary, in the following: 
Dilute 5 c.c. of cone. HCl with 20 c.c. of iso-amyl-alcohol and 
idd 8 to 9 c.c. of a saturated solution of picric acid in alcohol 
(grain alcoholL Fig. B shows the .structiiri' of stellite after 
being etched by the foregoing mixture which is substantially the 
same as recommended by Kourbatuff. (Itevue de Met. mars., 
1905, p. 186.) 

Fio. B 
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Part IV 

THE MAKING AND REPAIRING OF LABORATORY ELECTRIC 
FURNACES 

It is quite an economy and instructive for the chemist to 
build and repair his own electric muffle and combustion fur¬ 
naces. The modern laboratory cannot afford to be without 
such equipment. The author used a true ni-chrome wire of Ger¬ 
man manufacture, h’or the carbon combustion Turnaces, No. 20- 
gauge wire, 0.032 diameter, is a convenient size. Its resistance 
is 0.537 ohm per foot. With a voltage ranging as high as 240, 
direct current, 90 feet of this size is about right and gives a service 
of three or more months, running twenty-four hours per day. 
The wire is coiled around a three-sixteenth diameter rod held in 
guides and run by a one-half horse-power motor. 

The expressage is saved to and from the professional repair¬ 
man and the delay of waiting for the return of the apparatus 
is avoided. i 

The coiled wire is wrapped spirally around the clay core, taking 
precaution that the turns of the spiral do not touch each other 
as they wind around the core. The ends of the coil are secured 
at each end of the core with asbestos cord, being tied to the latter. 
The turns of the wire are then covered with a blanket of alundum 
or zirconia cement. The core is put in a warm place until dry. 
At each end of the coil 2 or 3 inches of the wire are left uncoiled 
for connection with the power. One of the cores with the wire 
on it is shown in Fig. 18, page 293. The cement is plastered 
over the spiral of wire, shown in the figure. The chemist can 
readily follow these details by taking such a furnace apart, f 

The author ventilates his electric muffle furnaces when igniting filter 
papers, etc., by blowing a regulated stream of air through the furnace. 

t The author is now trying the plan of wiring directly on his tapered clay 
504 
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A large muffle furnace can be built by any laboratory. A 
sheet iron frame can be used for the sides. The top and bottom 
of the shell can be in the form of lids of the same material. It is 
well to place at the top and bottom of each forner of the frame, 
and on the inside of it, right angle strips of hoop iron. These 
make the shell more rigid. The opening for the nmffle should 
be central and the frame or shell should lie just as deep as 
the muffle is long, so that the muffle will rest in the frame 
and come just flush with the outside of the shell. The muffle 
opening in the frame should fit exaetly around the outside of 
the ends of the muffle, so that very little plastering around it 
with the cement will be neccs.sary. The, author uses No. 17 
gauge wire for the muffle furnaees, that is, 0.t)45 inch diam¬ 
eter. Three coils are wound around the muffle and connected 
in parallel. The writer places the parallel leads on the outside of 
the furnace shell, thereby keeping the leads away from the heat, 
and more accessible. The leads are enclosed in red fiber insulating 
tubes and supported in brass brackets. One Iciid is placed on 
the right side of the furnace shell and the other on the left side. 
This gives a neat appearance. Where the ends of the coils pass 
through the metal shell, they are carried through small (juartz or 
pipe-clay insulating tubes to join the leads. Each coil is 120 feet 
long for a 240 volt, direct current. The heat is regulated by means 
of a rheostat (see Photo No. 3, page 119) of 14 to 25 amps, capacity. 
The doors are sheet iron, lined with fire-brick. They slide up and 
down* in sheet-iron guides and are hung oiFa lever. The leads 
are of No. 8 gauge ni-chrome wire of the same make as the heating 
wire. The furnace shell is given a coat of stovepipe enamel and, if 
preferred, it can be then given a white finish consisting of two coats 
of aluminum paint. Fifty pounds of magnesia oxide are needed to 
fill in all spaces around the core and retain the heat. The entire 
inside of the shell except the space occupied by the muffle is filled 
with this non-conducting powder. Four right-angle strips of sheet 
brass about one-eighth inch thick will be needed to support the 

combustion tube. This gives a combustion furnace that will come to full 
heat in thirty minutes, and saves the cost of the core tube. 

* Or the door can be made to open on side hinges, horizontally. Such a 
door can be lined with a fire-brick that fits the muffle opening and projects 
into the same. This liner keeps heat in better than one that slides up and 
down. The author finds it convenient to mold and burn his own liners. 
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leads. The whole cost is a mere trifle compared to the price one 
must pay for such a furnace made to order. The muffle is rec¬ 
tangular; it is 8}X6^X14 inches. The furnace shell is l4inches 
deep to fit the length of the muffle. It is 16j inches wide and 15 
inches high. To hold such a fjimace at any desired temperature 
from 200° C. to 1000° C. the current should be controlled with a 
dimmer or rheostat of from at least 12 to 2.5 amperes and a 
resistance of not less than 60 ohms. 



CHAPTER XX* 

Part V 

SOME IMPROVED ELECTRICAL LABORATORY APPARATUS 

I. Quick-heating Electric Furnace for the Determination of 
Carbon in Steel, etc., with Train.—Tho train (Photo No. 8, page 
278) con'sists of (1) a mercury tube to (ietect leaks and stoppage.s: 
(2) a safety jar containing a 1 : 1 solution of KOH; (.3) a tower 
filled looselj^ with a plug of glas.s wool followed with anhydrous cal¬ 
cium chloride, a layer of soda lime and another plug of the wool; (4) 
a jar of short pieces of stick caustic [wta-sh with a plug of glass wool 
at the top and at the bottom; (5) a clay and rubber connector doing 
away with rubber stoppers at the charging end; (6) the vitrified 
clay combustion tube with the tapered outlet doing away with 
the rubber stopper at this point also; (8) is the jar of granulated 
zinc to stop acid and sulphur; (9) is a jar of phosphoric^ acid powder 
and (10) is the bulb for absorbing and weighing the (lO-i. This 
train was designed by the author, being a si$nplification of his train 
described in J. Am. Chem. Soc., May, 1908. 

The author has now used the tapered clay combustion tubes 
for over six years for the determination of carbon in steel, etc., 
and has been using them for oxygen determinations also. 

The new split muffle type of furnace was designed by the 
author. It is of most simple construction, consisting of a split 
muffle of kieselguhr, a coil of ni-chromc wire embedded in alundum 
cement as a replaceable heating element, and a supporting stand. 
The furnace will heat from the cold to 1000° C. in twenty to 
twenty-five minutes with a current consumption of 3 to 4 amperes. 
It can be cooled rapidly, if desired, by lifting off the top half of 
the split muffle. The author supplanted for some time in this 
laboratory, and in another laboratory under his direction, all of 

* Reprinted from the Journal of Industrial and Engineering Chemistry, 
Vol. VII, No. 11, page 960, November, 1915. 
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the type introduced by him in 1908 * with this new type shown in 
Photo No. 2, page 89, and Photo No. 3, page 119. 

This type of electric furnace can be built in any length of heat¬ 
ing surface with coilrf'connected in parallel. The type shown in 
Photo No. 2, page 89, is 13 inches long by 3;^ inches outside 
diameter and inside diameter. The author built the same 
type for organic work 18 inches long. By using three rheostats 
a long furnace can fjo made to heat to three different temp)cratures 
at once or it can be heated in one part if desired. 

The furnace presents a bright neat appearance with its white 
muffle; new heating elements can be kept in stock and quickly 
put in place in case of a burn-out, as there are no screws or pow¬ 
dered heat insulation to bother with. In case the muffle becomes 
soiled it can be put in a muffle furnace and heated to a red heat 
for about twenty minutes, when it becomes as white as new. The 
simple construction makes the furnace a very inexpensive one. 

By using a split insvilation muffle of 5| inches outside diameter 
and 2^ inside diameter, the author obtained a furnace of this 
type which is developing 1020° C. with a current consumption of 
only 2.7 amperes. 

n. A New Type of Portable Laboratory Rheostat.—Photo No. 
3, page 119, shows the rheostat designed by the author with a 
view to making repairs more easy and to have a piece of apparatus 
with sufficient capacity to fill the needs of most laboratories. 

The rheostat occupies but a few inches of table width and can 
be set behind the otRcr apparatus as illustrated in Photo No. 7, 
page 276. Repairs are easily made and the white frame of hard 
asbestos board gives a cheerful effect. If desired, two such 
rheostats can be bolted together, making a double instniment. 
The rheostat is practically indestructible so long as its capacity 
is not exceeded as there is nothing about its design to get out of 
repair. 

J. Am. Chem. Soc., XXX (1908), 773. 
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Photo 53 . Photo 54 . 



CHAPTER XX 


Part VI 

RHEOSTATS AND LARGE FURNACE FOR HEAT TREATING 

Photo No. 3, page 119, shows a rheostat suitable for a heat- 
treating or ignition laboratory muffle furnace with a muffle of 



Photo 55. 

14X5JX7J inches, Photo No. 4, page 119. It will control a 
maximum current consumption of 15 amps, at 220 volts, giving 

510 
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Photo 57—Detail of muffle shown at M in Photo No. 56. 
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any temperature of 300° C. or less, to 1100° C,'., without the 
rheostat wires overheating. It consists of ten steps of 2| ohms 
(about ten coils of 9 ffeet each, ni-chromc wire of 15 gauge); 
nine coils 4^ feet, each 15 gauge (about 10 ohms) and two coils 
of 6 feet, each 11 gauge (about »0.9 ohm), making a total of 
30.9 ohms. Phoenix or Climax wire will answer just as well as 
ni-chrome except when exposed to dampness and fumes, in whicl> 
case the ni-chrome does not rust away so soon. This rheostat 
must be connected in series with the furnace and the internal 



resistance of the furnace must be at least about 18 ohms at 
220 volts. 

Photo No. 5 shows a rheostat suitable for an electric carbon 
combustion furnace such as is given on page 278. It has eleven 
steps consisting of one coil of 8 feet, 14 gauge, equal 1.27 ohms, and 
ten coils 5 feet each, 17 gauge, equal to 16 ohms or a total of 17.3 
ohms. Internal furnace resistance should be about 29 ohms. 

Photo No. 54 shows how two rheostats can be arranged on 
one supporting frame. 

Photo No. 55 shows a large heat-treating muffle furnace with 
a muffle 7i X1U X 26 inches. Photo No. 56 shows how the brick 
are arranged. At A are infusorial brick; at B, B, B, are refrac¬ 
tory fire brick. Photo No. 57 shows the rheostat to control this 
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furnace, which consumes aiwut 30 amperes at 220 volts. The 
rheostat contains 114 coils of 15 gauge Drivor-Harris No. 194 
nickel steel wire. These coils arrangeci, in steps consisting of 
three coils of 25 feet each (in parallel) fx'r step, and each of thirty- 
eight such steps are connected in series with each otlier, and the 
entire rheostat is connected in scries with the furnace. Photo 
No. 58 shows the arrangement of the top of the rheostat. 



Photo 67. 



CHAPTER XXI 


Part I 

AN AUTOMATIC STEAM WATER STILL 


After submittii>K to consideraljlo atinoyance from several 
types of water stills, the author decided to try steam coils as a 
source of heat. 

The boiling of water l)y this means is not a now ijea, but after 
more than a year’s trial, tliere was finally evolved a form of still 
which has proven so satisfactory and the flow of the water has 
been so abundant that the details of the apparatus may be of 
assistance to someone else. (1908.) This type still in use (1920). 

Two of these stills are in use in our laboratory, operating but 
part of each day. The supply is ample for all analytical needs 
and for drinking water, which is also furnished to a large office 
force. 

Cold water from the tap enters the condenser jacket C, Fig. 59, 
through the cock A. The condenser jacket is a cylindrical copper 
vessel 11 inches in diameter and 15 inches high. The cooling 
water overflows at B to a sink not shown. A glass * tube siphon 
iS', iS", B'", dipping into the water slightly below the level of B, 
carries hot water continually to the heating chamber D by way 
of the large copper feed funnel F', F". 

When the water in D has risen several inches the steam is 
turned into the worm coils of D at the valve V. These coils 
consist of two 12-foot lengths of three-quarter inch bore copper 
pipe,t brazed together and coiled around the inside walls of.D. 
The steam from the boiling water rises into the dome and passes 

* A brass tube is now used, as it is more durable. 

fThe outside diameter of the copper pipe is IjV inches and the wall 
is i inch, 
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off through a block tin condensing pipe of five-eighths inch * inside 
diameter at T and travels through this pipe, which is coiled in a 
worm as shown in C. 

The tin pipe passes through the tubulai outlet O', 0" and 
delivers the distilled water on an absorbent cotton filter supported 
by a 0-inch ribbed glass funnel it^ The filter catches any oily 
matter or other particles carried over with the steam. 

The distillate is delivered to the receiving funnel at the rate 
of one liter every three minutes when sufficient pressure is main¬ 



tained in 7) to keep the copper funnel , F" filled nearly to over¬ 
flowing with hot water. 

The water reservoir is a 9-gallon bottle, in the neck of which 
the funnel If rests. The bottle, which is not shown, is inclosed 
in a cupboard in which is an electric light to dispel darkness and 

• The larger the inside diameter of the tin worm the better to secure rapid 
condensation and a large output of water. 

The block tin worm now in use is }| to 1 inch outside diameter; 1 to /r 
wall; and i-inch bore. The regular commercial sizes approximating these 
dimensions are used. A number of these stills are now in use. The worm is 
28 feet long. 
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roaches. This bottle rests in a copper pan, which is drained to' 
the sewer. The tin pipe is bent into an elbow at E so that any 
condensation of moisbire on damp days drips off at E instead of 
running down the pipe into W. 

Steam pressure furnished fijpm the mills is liable to continual 
variation. The amount of pressure may be nicely adjusted at 
V, but subsequent increa.se of pressure often causes the water to 
boil ever at F and splash down into the copper pan P', P", P'", 
which is drained at P'. The pan is 5 inches deep and large 
enough to contain the entire apparatus. 

To clean the still the tin pipe is unscrewed at N, the dome 
head is removed, and water is played on the interior of D with a 
hose, washing the sediment out through the cock at P"'. 

The steam dome rests in the neck of D and is calked steam 
tight with cheese-cloth. The cloth is stretched in a diaphragm 
across R', R", with enough excess of cloth for calking purposes. 

The boiling of the water in F', F" in no way prevents the action 
of the siphon S', S", S'". The heating coils of D are joined to 
ordinary steam pipes of the same diameter at J', J". 

This still could be made in any size to suit a greater or less 
production than that mentioned, a smaller size for a household 
or small laboratory, and in larger sizes for office buildings or 
for manufacturers needing a large supply of distilled water. A 
number of these stills are now in use. 



CHAPTER XXI 


Part II 

CLAY COMBUSTION BOATS 

The clay boats arc made from Klingonborg clay.* A typical 
analy.sis of it is given herewith: 



r(*i rpnt 

Protoxiflp ri iron 

■2 fi7 

Silica 

.52 48 

Alumina 

20 46 

Ignition loss 

. 14 18 


Any plastic clay of similar analysis free from grit would answer 
just as well. The clay is ground to pass a 30-niesh sieve, and 
is thoroughly kneaded to a stiff dough with water. It is then 
rolled in a towel. Ry wetting the towel occasionally, the clay 
can lx; kept ready to use as long as desired. 

The clay is rolled on a moist plaster-of-par^s slab into a cigar 
shape and pressed into the plaster-of-paris mold with the thumbs. 
The excess clay is scra[x;d off with a thin-edged piece of wood. 
The guide strip is then laid on the mold. It i.s the exact duplicate 
of the face of the mold, or pmno as shown in the plan. This 
strio, of course, has an opening in it coinciding exactly with 
IcdJ, Fig. 60. The strip can be fastened on by a gum band at 
each end. The wooden tool T is plunged down through this slot, 
and, while being held perfectly vertical it is slid along the wooden 
guide strip, scooping out the clay and shaping the interior of 
the Boat. The tool slides along the strip on its surfaces at R 
and R'. The distances from c' to R and from ft' to d' are equal 
and conform to the thickness of the guide strip. The distance 
c'd' equals cd. c'V and V'd' regulate the thickness of the walls 
of the boat. Vf' V forms the interior of the boat. The tool T is 


A blend of clays gives better results. 
517 
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rounded on one side and is trimmed to a thin edge on the rounded 
side. The tools are kept in water, when not in the operator’s 
hand, to prevent /,he clay from sticking to them. The interior 
of the mold has a flat bottom: The author prefers a boat of the 
following outside dimensions Vhen burned: 15 mm. wide at 
top by 7 mm. wide at bottom by 9 mm. high by 1311 mm. long 



The bowl of the mold should be about 6 per cent larger in all its 
dimensions to allow for shrinkage. 

After the interior has been properly shaped, the guide strip 
is removed, the face of the mold scraped clean, and the mold put 
away in a warm place for the clay to dry. Slow drying for one 
or two days is the best. When the boats no longer seem damp 
to the touch, they are removed from the molds and dried for 
several hours in an air bath at a temperature of 120° C. They 
are then put in a muffle furnace, and the latter is lighted and 
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the heat brought slowly to a temperature of 850° to 900° C. 
(very bright red-heat) and kept at that temperature for from 
two tg four hours. The heat is then turned off and the boats 
are ready for use. A boy can easily mold fjrty boats in three 
hours, and, after the molding is completed, the remaining opera¬ 
tions require but a few mornents’^ttention to make the transfers 
from the drying space to the air bath, and from the latter to the 
muffle furnace. 

The boat should have walls aiul bottotns about one-sixteenth 
inch thick. Boats made as described answer alt of the purposes 
of porcelain tx)ats, and, one can leadily see, are extremely cheap. 



The author first experimented with a view to making his own boats, 
more than twelve years ago, and has used them for all combustion 
work ever since. 

It is convenient to have the dimension Kh, 02 mm.; hg, 177 
mm., and the total thickness of the mold 25 mm. 

When the boats have been burned, two or three from each 
batch should be placed in the combustion furnace and a blank 
analysis made. If the weighing apparatus shows a gain of more 
than 0.0002 gram, it is an indication of imperfect burning of the 
boafs. They should be reburned until free from all carbonaceous 
matter. 

The Ni-chrome One-piece Triangle.—Fig. 61 shows a one-piece 
triangle designed by the author which anyone can make in a 
few minutes from the well-annealed ni-chrome wire. It is 
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practically indestructible. The one shown was made from No. 8 
gauge wire. 

Sanitary Laboratory Wash Bottle—Fig. 62 shows a wash, bottle 
that is much used jp t'nis laboratory for washing precipitates. It 
has the advantage that the lips do not touch it. It is operated by 
a slight push of the thumb on the rubber bulb A. The little tube 



at P enables the operator to relieve pressure instantly when a 
washing is finished, avoiding spattering of the washing fluid and 
excessive amounts gf the wash per application. 

The rubber bulb is attached to the glass tube G. The capacity 
of the flask is 500 c.c. It has a fire-finished ring neck and takes a 
No. 6 rubber stopper. 



CHAPTER XXI 


Part HI 

LABORATORY REFRACTORIES 

Laboratory refractories should be of such design and com¬ 
position that they will stand rough usage and sudden expansion 
and contraction. This is especially true of boats for carbon 
combustion determinations; muffles for ignitions; Bunsen burners 
of the Chaddock type, chimneys for Aigand burners, combustion 
tubes, pyromefer protection tubes, and crucibles. 

Combustion Boats.—The (combustion boats should also be of 
such composition that iron oxide and lead oxide do not slag with 
the walls of the boats at temperatures approaching 1100° (\, to 
an appreciable extent. A well-designed boat of the proper com¬ 
position, burned at the correct heat in the kiln, of the correct 
size and filled about half full of some neutral tx>dy like crude 
oxide of zirconia, or chrome iron ore, or some other svutable well- 
ignited metallic oxide of high fusing point—a Ixiat of this type and 
so protected will be good for from 500 to 600#'arbon combustions 
of steel. It should l)e said also in this connection that there is 
nothing gained by running the oxygen at a high rate of speed or 
by running the combustion furnace at temperatures in excess of 
1000° C. Some chemists have a mistaken idea that the tempera¬ 
ture must be such as to entirely melt up the sample of steel. This 
procedure not only will destroy any combustion boat in a few runs, 
but often cause low results due to unburnt steel occluded by the 
suddenly formed slag and perhaps due to the formation of some CO. 

fhoto No. 63 shows six sizes of boats which offer ample range 
iff capacity for any laboratory’s needs. No. 1 is |JX4 inches; 
2,HX4; 3,HX4; 4,^X5^; 5,HX5i; 6,11X5^. 

Combustion Tubes.—Photo No. 64 shows three sizes of com¬ 
bustion tubes of the author’s design which he has used in several 
laboratories under his direction for a number of years. The 
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composition should bo surh as to bo non-porous under- pressure; 
not readily attacked by metallic slags, and vitrifying ii) such a 
way as to withstand .rupture when cold bodies are repehtcdly 
charged into it wlitai it is at a high temperature. It is also a 
great advantage to have it of s^ch composition as to not conduct 
away heat at the projecting ends like fused silica tulres, thereby 
avoiding a large loss of the expensive electrically supplied heat; 
also avoiding the nuisance of cooling devices at the ends that 
project from the furnace. 

The convenient sizes arc 24 Xj inches inside diameter by 
1-inch outside diameter with tapered ends; also 27 inches long by 



Photo 63. 


^ inside diameter by IJ inches outside diameter, also a middle 
size i4-inch bore X 27 inches long. The author has found that the 
larger bore tube with the thicker wall lasts longer; although 
either size should last for months if the foregoing conditions are 
fulfilled. A good heavy wall tube of proper composition should 
last six months or more even though in daily use with a daily 
run of from 80 to 180 combustions. 

Chimneys for Argand Bumers. -Photo No. 63 also shows 
convenient chimneys for Arg^d burners. Here, again it is 
especially necessary to have a composition that will not crack 
with sudden changes of temperature. A chimney of proper 
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composition is non-crackable and will last for years as far as heat 
cracks are concerned. Two convenient sizes are No. 8 and No. 9; 
in photo No. 63, No. 8 is designed to be u.sed in the sulphur appa¬ 
ratus given on pages 3^11332. 

Porous Filtering Crucibles. At No. 7 in photo No. 63 is shown 
a porous crucible. Such a crucibltf should be of sufficiently open 
grain to permit the paAsage through its pores of turbid fluid to its 
total capacity in fifteen seconds, when mild suction is applied, 
i.e., ordinary one-quarter inch bore one-sixteenth inch wall tubing 



Photo 65. 


should not collapse; and the filtrate should be perfectly clear and 
sparkling. 

New Modified Refractory Bunsen Burner of the Chaddock 
Type .—The author has designed the modified Chaddock with the 
following new features. 1 in Photo No. 65 shows the burner 
proper; 4 shows the bell-top chimney, which can also be used as 
a crucible cover to raise the temperature around the whole cru¬ 
cible at 5. This bell top can also be inverted and used as an 
extension support as shown at 6. At 2 the rubber hose is shown 
entering at a half-round opening. This makes the setting of 
the glass nipple tube much easier, as anyone will appreciate who 
has used a Chaddock. 
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Photo CO. 



Photo 67. 
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This style of burner should be made of a mixture of refractories 
that will not crack with suddeidy applied heat. A proper selec¬ 
tion of materials will secure immunity from heat cracks. 

Kipp Apparatus Consisting of Three Replaceable Parts.— 
The author designed an apparatus for generating H, H 2 S, and 
of the Kipp 'typt!, consisting of tliree replaceable parts, and of 
acid-proof stoneware. The bottom part holds 2500 c.c. and the 
top bulb 2000 c.c. The total height is 2,3 inclu's. The parts are 
interlocking and connected together with acid-proof cement (see 
Photo No. 66); making the whole apparatus perfectly rigid as 



Photo 68. 


though of one piece. The lulvanlage of the apparatus lies in its 
replaceable parts. If one part be broken a new one can be put 
in its place making the generator is like new. The parts are 
very strong, being of heavy stoneware. The separate parts are 
shown in Photo No. 06 and the complete generator in Photo No. 67. 

Photo No. 69 shows how this Kipp can Ix' made in fotii' replace- 
aWe parts. The inner tube passing through a rubber stopper to 
melt the top bulb 1 at 2 being joined to it by the rublx'r con¬ 
nector and also a copper clamp not shown, but which is screwed 
fast arotmd the rubber sleeve at 2. Photo No. 70 shows a bat¬ 
tery of these generators. 
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Muffle, Assay Crucible, and Heat Insulation, Split Cylinder 
of Infusorial Earth.— The atx>vo are sliowii in Photo No. 68 at 6, 
7, and 8, respectively. The diinen.sion^ o{ tlie muffle are HXSj- 
X7j inches. The crucible is 0 inches top diameter by 9 inches 
high by 4 inches bottom diaiiftter. T'he split cylinder is 1J inches 
inner diameter by inner diameter by 125 incheslonij. The latter 
is the heat insulation jacket for the carbon combustion furnace 
shown on page 278. 



Photo 09 
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Part I 

ENGLISH CHROME-VANADIUM STANDARD STEEL “V." 

This standard was analyzed by twenty-five English and three 
American laboratories. The reports were handed in blind. 
Nothing more was heard of the matter until the printed report 
was mailed to the co-operating chemists together with a very 
generous portion of this valuable standard (October, 1919). 

It is interesting to note just how closely the three American 
chemists came to the general average of all of the results: 


Laboratory : 


(/. S. Bureau of 

Cf p 

%Si 

0 152 

0 170' 

%s 

%P 

% Mn 

%Cr 

%v 

Standards . 

0.559 

0.059 

0.028 

0.,534 

0.859 

0.278 

Baldwin Locomotive 


0 





Works . 

0.563 

0.174 

0.059 

0.021 

0.532 

0.890 

0.270 

Crucible Steel Co. of 

America: 






{Park Works Lab.) 

0,5.54 

0.170 

0.064 

0.065 

0.024 

0.540 

0.800 

0.276 

General Average of 








All Laboratories.. 

0 548 

0.161 

0.063 

0.024 

0.542 

0.801 

0.273 


Of course, Park Works results were obtained by the methods 
as given in the foregoing pages. See copy of Ilidsdale & Co.’s 
report, page 530. 
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CHAPTER XXII 


Part II 

SHORT METHOD FOR MOLYBDENUM IN STEEL 
(Absence of Tungsten) 

(A) Dissolve 3 grams of steel drillings in 50 c.c. 1:1 HCl. 
Warm until action ceases, then add a few crystals of potassium 
or sodium chlorate, that is, enough to dissolve all black residue 
on further heating. 

(B) Boil down quickly to about 15 c.c. to remove excess of 
free acid, as molybdenum is not precipitated completely by 
H 2 S in the presence of much free acid. 

(C) Dilute to 150 c.c. with water. 

(D) Pass a rapid stream of H 2 S for about fifteen minutes. 
Filter off sulphide. Wash the same thoroughly with H 2 S water. 

(B) Burn off the sulphide in a porcelain crucible at a heat 
not exceeding 550° C. until all char is gone, t'ool, and weigh. 
This weight represents the molylxlic oxide, plus a little silicon 
plus copper oxide, tin oxide, etc. 

Extract this ash with 40 c.c. of filtered ammonia. Wann in 
the crucible until the residue is light and floats easily, showing 
that all of the heavy molybdic oxide has been di.ssolved. Filter 
again. 

Wash with ammonia water thoroughly so as to remove all 
molybdenum. Ignite at a red heat and weigh again. The 
difference between this weight and the first weight equals the weight 
of_ the molybdic oxide present, plus any copper dissolved by the 
ammonia. Tin oxide is not dissolved. 

If the filtrate from the ammonia is blue, copper is present and 
for very accurate work, a correction must be made. This cor¬ 
rection is usually small, and unless the filtrate is very deep blue, 
can be dispensed with, especially when bath tests are being run. 
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If the correction is to be made, the filtrate'is made slightly 
acid with hydrochloric and evaporated to a low volume and 
made faintly but distinctly alkaline with ammonia. 

The copper determination is then finished by titrating to the 
disappearance of the blue colo^ with standard KCN solution in 
the same manner as for copper in steel. The copper thus found, 
is calculated to CuO and deducted from the weight of MoO* 
plus CuO already obtained. 

The remainder is figured to Mo by the factor 0.6666. 

Omitting the copper correction, this method can be carried 
through, in duplicate, in 2 hours. 

This method assumes the absence of tungsten. If tungsten 
be present in sufficient quantity to separate out as yellow residue, 
then after (C), it should be filtered out, washed, and the filtrate 
and washings finished as given in (D) and (E). The WO3 can 
be examined for M 0 O 3 if much W and Mo be present in the steel. 



CHAPTER XXIII 

• 

Part I 

The Analysis of Ferro-cerium and Cerium Steel.— The 

determination of large quantities of eeritim (the mixed metals of 
the cerium group) is comparatively simple, Init to determine, gravi- 
metrically, a small amount of cerium in the |)resence of a large 
amount of iron is fraught with many interferences. Any attempts 
in this laboratory, for example, to precipitate ten to twenty milli¬ 
grams of cerium content away from grams of iron have thus far 
resulted in the, precipitation of a large portion of the iron with the 
cerium, or a large amount of iron and no cerium with it. I his is 
true whether the attempt be made either by the phosphate method 
or the oxalate method. The iron interferes at all points, when 
it is present in large excc.ss. The volumetric methods to he 
described later arc the only quantitative methods for small 
amounts of cerium thus far develoired in this laVroratory when 
large amounts of iron are present. Both methods are inter¬ 
fered with by the presence of chromium, and one is interfered 
with by the presence of both chromium and manganese. 

Cerium in Ferro-cerium (Gravimetric) 

The author u.ses the well-known method of precipitating the 
cerium (mixed cerium group) away from the iron (le.ss than a 
gram of iron present) in nearly neutral sulphate solution with a 
saturated .solution of ammonium oxalate. 

Dissolve one gram of the ferro-cerium in .W c.c. of 1.20 sp. gr. 
nitric acid; evaporate to dryness; ignite to destroy the nitrates; 
dissolve in cone. HCl; dilute and filter out silica. Wa.sh the 
insoluble silica; ignite it to an ash; weigh it; remove the silica 
with HF and a few drops of cone. H2SO4 as in silicon in steel. 
Fuse any residue left in the crucible from the HF evaporation 
with sodium carbonate; dissolve in HCl; fume it with H2SO4; 
add water; heat until the sulphate is dissolved and add the 
solution to the main filtrate and washings obtained from the first 
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This main filtrate will now contain all of the cerium. It is 
nearly neutralized with 1 : 1 ammonia water, and to tlje cold 
solution which should now be of about 400 e.e. volume, 50 c.c. 
of a saturated solution of ammonium oxalate are added and the 
cerium oxalate is allowed to Settle for about two hours; it is 
filtered; washeil with ammonium oxalate water; ignited to the 
reddish cerium oxide (Cc()2) which contains 81.42 per cent Ce. 
d'his reddish oxide may contain some iron so it must be 
transferred to a porcelain dish; gotten into solution with HCl 
(chlorine forms hence the removal from the platinum crucible 
before dissolving); converted to sulphate and passed through 
the zinc rediictor. The iron so found is deducted from the CeOj 
before calculating to Ce. 


Manoanksk 


Manganese interferes with the gravimetric determination of 
C('rium and cerium inteifcres with the volumetric and gravimetric 
delennination of manganese. Cerium and chromium oxidize to a 
higher oxide with Pb()2. If zinc oxide is used the cerium, unlike 
chromium, is largely in the filtrate with the Mn. On peroxi- 
dizing it remains on the filter with the manganese and iron. 
If the author’s scheme of fractional precipitation with ammonia 
in reduced solution be tried, the cerium will still be found with 
the iron and manganese. (This, however, is a separation from 
chromium as the, chromium is precipitated. See page 30.) 
V’anadium can also be .separated from cerium by the ammonia 
fractional precipitation. The following recoveries were gotten 
when th(! amounts of cerium, vanadium and chromium were 
added in 5 grams of steel and the steel was then dissolved in 
50 c.c. of 1 : 3 H2SO4 and 50 c.c. of water. The ammonia 
separation was made as described on page 30, the ammonia being 
added until the greenish gray chromium hydroxide settled down 
well; 


m present 

Cr Added 

Cr Found 

V Added 

V Found 

gram 

gram 

gram 

gram 

gram 

None 

0 1057 

0.01057 

0.0765 

0.0765 

0.020 

0.1057 

0.1066 

0.0765 

0.0767 

0.060 

0.1057 

0.1072 

0.0765 

0.0762 

0.080 

0.1057 

0.1079 

0.0765 

0.07^ 

0.320 

0.1057 

0.1084 

0.0765 

0.0769 

0.505 

0.1057 

0.1087 

0.0765 

0.0754 
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Evidently from this table a cerium was dragged out with 
the chromium but the vanaaluSt reeults are very satisfactory. 
To secure an absolute separation trf the cerium from the chro¬ 
mium, it is necessary to peroxidi«e-<ithe sAlpj^uric acid .solution 
of the chromium-vanadium precipitate obtained by the ammonia. 
This leaves the stnall amount of*cerium with some iron on the 
filter and the chromium and vanadium in solution ius sodium 
salts. The small amount of cerium and iron can b(> dis.solve(l 
in sulphuric acid and 1 k> added to tlie main iron and cerium 
solution. This sulphuric solution can then be evaporated to 
350 c.c. and finished volumetrically by the methods to la; 
descril)ed. The vanadium and cliromium can then be finished 
as described under ferro-vanadium and chromium-vanadium 
steels. 

Man(;ane3E 

Cerium does not begin to interfere serioiwly with the deter¬ 
mination of manganese iti ceriutn st<>el by the lead peroxide method 
until it is present in excess of about 1 per cent of ('e. 

To remove the cerium proceeil an follown: 

Weigh 0.4 gram of the steel or ferro-cerium, if th(' manganese 
does not exceed 0.50 |X'r cent Mn, or a correspondingly less amount 
for higher percents of Mn, and get it into solution with 20 c.c. of 
1 : 3 H2S()4; and 20 c.c. water; oxi<iize with 20 c.c. of 1.20 nitric 
acid; make a basic acetate separation as given for mangaiK'se 
in ferro-manganese but avoid using any IK J. 

To the filtrate and washings from the basic acetate separation 
of the iron, chromium, etc., add 5 grams of ammonium per¬ 
sulphate crystals and boil three or four minutes; tlnm add an 
excess of ammonia and boil again tintil the dark-brown iirecipitate 
of the hydrated oxide of niangaiK'se separates out well; filter it 
off, mixed with a little paper pulp; wash thoroughly with per¬ 
sulphate water containing a litth; ammonia. 'I'hen treat the 
precipitate on the filter with 35 c.c. of fi^rrous ammonium sulphate 
solution mixed with an equal volume of 1 : 3 sulphuric acid; use 
this solution warm, if necessary. 

The ferrous ammonium sulphate is made by dissolving 2 
grams of the salt in 100 c.c. of water. Wash the pulp, which 
should now be nearly, or entirely, white, with water containing 
a little sulphuric acid. Wash about thirty times. The filtrate 
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and washings should be conoeufr^ted, if necessary, to 100 c.c. 
Then add 50 c.c. of cone, nitfic acid and bring to boil; add 
2 grams of light-brown lead peroxide; and boil five minutes 
in the 400 c.c. be^k5r; filter through washed asbestos; wash 
out pink color with distilled water; cool and titrate to dis¬ 
appearance of pink color with tHe arsenite standard used in steel. 

This method has been tested on standards containing chro¬ 
mium up to 1 per cent and cerium added up to 7 per cent Ce, 
and exact results for manganese were obtained. 1 c.c. of the 
arsenite equals about 0.07 per cent manganese when 0.100 gram 
of sample is used. 

Volumetric Method for Cerium in Steel and Ferro-cerium; 

By Oxidation with Lead Peroxide 
(Absence of Chromium) 

Dissolve 5 grams of steel or i gram of ferro-cerium in 
70 c.c. of 1 : 3 H 2 SO 4 ; oxidize by heating with 45 c.c. of 1.20 
sp. gr. nitric acid. Add the nitric acid a little at a time. Heat 
until all red fumes are gone. Then add 2 to 3 grams of lead 
peroxide of the light brown variety. Boil in the 600 c.c. beaker 
for fifteen minutes. 

Filter on a washed asbestos filter of the same type as used 
for rapid manganese tests. Filter cold. If the filtrate looks 
pink some manganese has been oxidized to the manganic or 
permanganic state and must be reduced by adding to the filtrate 
a little ammoniumjpersulphate. Add 50 milligrams and boil 
gently, adding a few grains of precipitated silica to prevent 
boiling over of tlie solution. Boil twenty minutes. Remove from 
the fire and add another 50 mgs. of ammonium persulphate, 
if necessary, and repeat the boiling and so on until the pink 
color suggesting the color of permanganate of potassium is gone. 
If during these operations the solution becomes slightly cloudy 
due to the formation of manganese oxide, the same must be 
filtered through washed, ignited asbestos again, washing with 
water containing some dilute nitric acid wash. The clear, cold 
filtrate is now ready for the titration. The ferri-cyanide indi¬ 
cator is added as in the determination of vanadium in steel, 
and a standard solution of ferrous-ammonium sulphate is 
added from a burette until the same blue end-point is obtained, 
as in vanadium. Unlike the vanadium titration, this blue end- 
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point does not get continually darker, once it is reached, as in 
vanadium, but has a tendency to grow lighter, owing to the 
action of the nitric acid. 

This standard is one-fifth that of the on'c n^ed for the titration 
of chromium in steel. One c.c. of it by this method should be 
equivalent to about 0.002 gram (?e to 0.0029 gram Ce, depending 
on the amount of iron and manganese present in the solution 
being titrated. 

0.4722 gram of so-called C. P. cerium oxide dissolved in 
20 c.c. 1.20 sp. gr. HCl; fumed with ,50 c.c. of 1 : 3 H 2 SO 4 ; 
diluted with water and heated until all was dissolved; then 
boiled with lead peroxide and titrated with the ferrous-ammonium 
standard gave a value of 1 c.c. equal 0.00235 gram of Ce; 0.2,542 
gram of cerium oxalate sold as C. P. ignited to the red oxide 
and finished in the same way gave 1 c.c. of the standard equal 
0.00226 gram of Ce. 

0..500 gram of ferro-cerium was put through as described for 
cerium and gave a value of 1 c.c. equal 0.0020 gram of (fe. 
Also the same value was gotten from another portion of ignited 
cerium oxalate. When 5 grams of steel are present and a blank 
is deducted higher values per c.c. of standard solution were 
obtained running as high as 1 c.c. equal 0.0038 gram of O. 
Therefore this method which is the best volumetric thus far tried 
in this laboratory must be carried out with about the same 
amount of iron present in the standardizing mixture as is likely 
to be in the sample to be analyzed. Chronvi .\i mu.st be absent 
as it is oxidized by the lead peroxide in the same way as the 
cerium and consumes a definite amount of the ferrous-ammonium 
sulphate standard, being proportional to the chromium present. 

Second Volumetric Method for Cerium in Steel and 
Ferro-cerium 

Proceed exactly as in the first method up to the point where 
the solutions are to be oxidized but instead of using lead oxide, a 
permanganate solution (1 gram of KMn04 dissolved in a liter of 
water) is added a c.c. at a time avoiding at all times an excess. 
This permanganate is titrated into the boiling solution in this 
way until finally a slight precipitate of manganese oxide is 
obtained that does not disappear after fifteen minutes’ boiling. At 
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this point 100 milligrams of ammonium persulphate are added, 
after cooling off the solution somewhat. The solution is again 
boiled for fifteen minutes to destroy any manganic condition* that 
always forms during (he foregoing operations. The solutions 
are then cooled; filtered and titrated as in the first volumetric 
method. After deducting blanSs (which will run as high as 
11 c.c. before a blue end-point is gotten on 5 grams of non-cerium 
steel) the same ferrous ammonium standard as used in the 
peroxide method will have a cerium value of 1 c.c. equal to about 
0.005 gram of Ce. Chromium and vanadium interfere as stated 
and must be removed or corrected for, as already described in 
the first volumetric method. Pages 534 and 535. 

Chromium-vanadium Steel with much Cerium 
{Several Per Cent of Ce) 

Get 1 gram of the sample into solution in the manher described 
on page 535 under Manganese. This solution will now contain 
all of the cerium in shape to remove all of the chromium, 
vanadium and tungsten by peroxidation as described under 
chromium in ferro-chrorniuin, etc. This will require several 
peroxidations but in the end, the cerium and the iron will be on 
the filter, and the interfering elements will be in the alkaline 
filtrates. 

The cerium and iron can be then dissolved off with sulphuric 
acid and the cerium ^nished by the lead peroxide method. 



CHAP'UOH XXXIII 


Part II 

Further Modification of the Fevert CO2 Weighing 
Apparatus 

In the Iron Age, vol. 102, No. 8, is .shown Stetsor and Norton’s 
modification of the original Midvale Absorption and Weighing 
Apparatus for carbon dioxide as designed by Mr. II. L. Fevert, 
of the Midvale Co. This " bulb ” is shown in P’ig. (!, page 541. 
The author tried this apparatus in the laboratory of the Park 
Works and*in the hands of a good man the bottom was knocked 
out after a run of 60 carbon combustions by a rather slight fall. 
The bottom or foot proved to be of very thin blown glass not 
as thick as an egg shell. 

Knowing the proneness of expert glassblowers to blow bulbs 
of paper thin walls, he submitted to a well-known hou.se in 
Philadelphia a drawing of a further modification of this promising 
CO 2 “bulb.” ’This drawing is shown in Fig. D, page541. This 
shows a bottom or foot of heavy glass which eliminates the frail 
design shown in Fig. C. The originators’ have produced an 
apparatus that is simplicity itself. The author’s modification is 
somewhat larger than original modification shown at C. 

The author leads the products of the carbon combustion into 
this latest modification at the small tube shown about the middle 
of A in photo No. 68, page 540. “ A ” alone is weighed. “ B ” 
is used merely for a bubble tube, and containing KOH solution, 
acts as a guard against CO 2 , getting into “ A ” via its outlet 
at the top of “A.” This bulb according to the original scheme 
is filled with asbestos, saturated with sodium hydrate, and in 
(Iry granular form. 
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FEVERT CO 2 APPARATUS 



Photo No. 68 
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Nickel, qualitative test for . . . 

determination of, in eol)alt metal by electrolysis. 386, 

in cobalt steels . . .... 

in the presence of much cobalt . 

in ferro-titanium . ... 

in ferro-vanadium. 32, 38, 

Nickel: 

in terro-chrome. . 

in iron ore.^. 

in Monel metal . . . 

in nickel-chromium alloy .. 


in steel by the cyanide method . . 220, 223, 

in steel by Brunck's method . .... 

in steel by modification of Brunck’s method . . . 

in steel by electrolysis . 385, 

Nessler solution . 

Nitrogen in steel . 392, 393, 

Normal solution. 462, 463, 


3 

387 

380 

382 

57 

210 

183 

447 

241 

235 

232 

231 

231 

386 

395 

395 

465 


Oxygen in copper. 

in metallic cobalt . 

in steel. 

in tungsten powder. 

Oils, testing of lubricating oils 


. 218 

... .391 
81, 82-88 
81, 82-88 
. 460,462 


Peroxide fusions, method of making. 57 

Plan of laboratory. 483-484 

Percentage reduction of acids . 478, 479, 481 

of ammonia.479 
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Phosphorus, determination o(; page 

in coal 475 

in crucibles 400 

in dbbalt metal.388 

in crucible slag.*. j.137 

in ferro-chromium . .177 

in ferro-manganese . » ...... 246 

in ferro-molybdenum. 153 

in ferro-phosphorus. . 326, 327 

in ferro-titanium. 53 

in ferro-vanadium. ,38,44,321,322 

in iron ore 445 

in ferro-molybdenum-tungston . 153 

in steel. • 310-317 

in vanadium steel . . 41, 42, 43, 318, 325 

in tungsten ore. . 91,92 

in tungsten steel. 116 

m tungsten oxide ... . 93 

in ferro-tungsten ... 90 

in tungsten powder . . . 90,93 

in titanium slag . 71 

in tungsten ores. ... 91, 92 

Pitchblende ... 370 

Pyrometers. .■• . 420,421 

Rheostats . . 113i 509 

Sampling. ^ 

of hard and soft layers.273 

of tungsten ores. 97, 99 

by milling . *. 271,276 

by drilling. • 269 

Sand: 

complete analysis of . 435, 437, 439 

use of, in combustion boats.292 

Saponification number of oils .460 

Silica, determination of: 

in chrome cement . 187 

in clay.407 

in crucible slag. 132 

in limestone. 430 

'in iron ore. 445 

in fluorspar. 450, 452, 453, 456 

in molybdenum powder. 144 

in sand. 435-437 

in tungsten powder. 72, 73 

in titanium slag. 68-60 
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INDEX 


Silicon. 4f‘tcrmination of: page 

in cobalt . 388 

in ferro-chrome. 175 

in ferro-rnanRancse.244 

m fcrro-inolybdcniim,, *. 151 

in ferro-moiybdoniim-tunusten . 152 

in forro-ailicon .. . 247 

in ferro-titanium. 47, 48, 60 

in ferro-vanadiuin . 46 

in Monel metal.239 

in tungsten steel. 115 

in steel and pig iron . . 348, 350 

in stellite 391 

Silicon carbide, determination of, in graphite crucibles . 402, 403 

Segregation, test for, in steel 274 

Sink, of stoneware . 489 

Slag, containing titanium 68-71 

Sfiecifie gravity: 

of ammonia. 482 

of nitric acid. 480 

Stellite, analysis of . 390, 391 

Slag containing oxides of tungsten, V pnd C> . 132,137 

Still, steam still for distillat.on of water .614-515 

Sulphur, determination of; 

in tungsten powder. 75-77 

in coal . . 474,475 

in coke 476 

in cobalt metal. . 388. 389 

in ferro-clirome . 175, 177, 184 

in ferro-rnanganese 247 

in ferro-ailicon and metallic silicon 48 

in ferro-molybdenum. . 154 

in ferro-titanium. 49 

in ferro-vanadium . 34 

in ferro-phosphorus . 328 

in molybdenum powders. 148 

in Monel metal. 242 

in steel, gravimetric, plain steel. 335, 337 

in steel, volumetric, plain steel. 330, 335 

in steel, gravimetric, for alloy steels.121 

in alloy steels by evolution with acid-carrying hydrogen at a yellow 

heat.122-128 

in fluorspar. 454 

in graphite crucibles.405 

in oil . 476-477 

in titanium steel. 62 

in tungsten. 75, 76, 80 

in iron ore. 446 
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Sulphur, determination of —Continued paoe 

in tungsten ore. . 113 

Surface decarbonisation. 292, 423-429 

Standardisation: 

of double sulphate of iron and ammonium: * , 

for vanadium. 12, 1,3, 19, 20 

for chromium..•. 17,5 

for manganese. 13tt 

of permanpanaic of pnlosnum: 

for iron and manganese . 60 

for vanadium in steel . .. 12, 13, 19, 20, 21, 22, 23, 24, 26, 29, 30, 31 

for small amounts of iron in crucibles.405 

for iron in iron ore.444 

for uranium . 360, ,361 

of potassium dirhromale: 

for small amounts of iron. .. ... 242 

for iron ore .445 

of potassium cyanide: 

for copper in metallic copper. 214-215 

for copper in Monel metal 240 

for nickel in Monel metal 241 

for nickel in steel . 223 

Specific gravity in oils .467 


Tables for laboratory. 

Titanium, determination of: 

qualitative. 

in ferro-titanium. 

in fire brick. 

in iron ore . 

in plain titanium steel. 

in vanadium titanium steel. 

in chrome-vanadium-nickel-titanium steel 

in nickel steel. 

in slag. 

Tantalum in ores and alloys. 

Tin: 

determination of, in steel. 

in tungsten powder. 

in tungsten ore. 

Tubes, tapered clay combustion tubes. 

Tungsten: 

qualitative test for, in steel . 

determination of, in steel. 

in ferro-tungsten-molybdenum. 

in tungsten ores. 

in tungsten powder.••. 

in molybdenum powders. 


. 484, 487, 490 

. . 3 

. 49, 50, 51 

.440 

.447 

. 63, 64, 65 

. 63,64 

. 67,68 

. 66 

. 68 

. 138-143 

. 171 

. 93, 94, 95 

. 113 

. 294, 523 

. 1 

. 114, 130 

. 162 

. 99, 100, 101, 102, 103, 104 
. 72, 73, 74, 75 

. 147 
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INDEX 


PAOE 

Triangle, one piece tria^igle of true ni-chrome wire. 819 

Tablee, laboratory work tables. 484, 487, 490 


Uranium: ^ 

determination of, in steel 

in ferro-uranium. 

in ores. 

qualitative test for. 


363, 357, 362, 363, 365, 367 

. 354,357 

. 354,357 

.:. 366 


Vanadium, determination of; 

qualitative. 4 


in steel. 5, 6, 7, 10, 13, 14, 15, 16, 17, 18, 37, 39 


in chrome-tungsten steel.131 

in chrome-vanadium steels.17, 18, 19 

in ferro-titanium.’. 57 

in ferro-vanadium. . . 8,9, 38,39 

in ores, carnotite, roscoelite, patronite . 369, 370 

in iron ore. .449 


Viscosity of oils 


467 


Volatile matter in coals. 


473 


in graphite crucibles. 


. 397 


Wash bottle, sanitary . 

Wulfenite ore. 


520 

168 


Zirconium: 

in plain steel. 

Zirconium-nickel alloy 
“Zirkite," analysis of.. 


191, 192, 198, 202 

.194 

. 202 



































INTERNATIONAt ATOMIC WEIGHTS; "im 


^^lemente. 

1 

1 

Atomto 
Weight*. 1 

Sifen^ote. 

Atomic 

Weighu^j^ 

Symbol | 

AliAniftteX. V A1 1 

27.1 

1 Neodymium 

Symbol 

Nd 

144.3 

Antiinony • 

Sh 

120.2 1 

'< Neon 

Ne 

. 20.2 

Argon 

A“ 

39 9 \ 

Nickel 

Ni 

58.68 

Arsenic 

As 

74 96 

Niton (radium 

Nt. 

222.4 

Barium 

Ba 

187.37 1 

emanation) 



Bismuth 

Bi 

208.0 

Nitrogen 

N 

14.08 

Boron 

B 

10.9 

Osmium 

Os 

190.6 

Bromine 

Br 

79 92 

OxyRCn 

Palladium 

0 

16.00 

Cadmium 

Cd 

112 4 

Pd 

106.7 

Caesium 

Cs 

132.81 

Ph(Mt)horuB 

P 

31 04 

Calcium 

Ca 

40.07 

Platinum 

Pt 

195.2 

Carbon 

C 

12 005 

Potassium 

K 

39 10 

Cerium 

Ce 

140.25 

Praseodymium 

Pr 

140 9 

Chlorine 

Cl 

35.46 i 

Radium 

Ra 

226.0 

Chromium 

Cr 

52 0 

Rhodium 

Rh 

102.9 

Cobalt * 

Co 

58.97 . 

Rubidium 

Rb 

85.45 

Columbium 

Cb 

93 1 1 h 

Ruthdniuin 

Ru 

101 7 

Copper 

Cu 

63 57 f 

Samaliium 

.Nu 8a 

150 4 

Dypmeium l) 

Dy 

162 5 V 

Scandium 

Si.iiSc 

44.1 

Erbium 1 i 

Er 

167.7 • 

Selenium 

1 Se : 

79.2 

Europium 

Eu 

152 0 

Silicon 

'I Si 

28.3 , 

Fluorine 

F 

19 0 

Silver 

Ag 

107.88 \|.' 

Gadolinium 

Gd 

157 3 

Sodium 

Na 

23.00NM 

Gallium 

Ga 

70 1 

Strontium 

Sr 

87.63 Si 

Germanium 

Ge 

72 5 ' 

Sulphur 

8 

32.06 ‘ 

Glucinum i ■ 

G1 

9.1 

Tantalum 

Ta 

181.5 

Gold 

All 

197.2 

Tellurium 

Te 

127.5 

Helium 1 

He 

4 00 

Terbium 

Tb 

159.2 

Holmium 1 1 

Ho 

163.5 

Thallium 

Tl 

204 0 

Hjflrogen 1' 

Indium hi 

; H 

1.008 

Thorium • 

Th 

232.15 

In 

114.8 1 

Thulium 

Tm 

168.5 

Iodine 1 »i 

I'.. I 

126.92 1 

Tin 

8n 

118.7 

Iridium ! >' 

' .Ir 

193.1 h 

Titanium 

Ti 

48 1 

Iron h 

' Fe 

55 84 1 

Tungsten 

W 

184.0 

Krypton 

Krii 

82.92 ' • 

1 Uranium 

U 

238 2 

Lanthanum 

Lau 

Hii 139.0 1 . 

i Vanadium 

V 

51.0 

Lead i 

1 Pb 

207.20 :•!. 

i Xenon 

Xe 

130.2 

Lithium ' >> 

Lii 

6.94 ' 1 

y ttcrbium (Ncoyt-Yb 

173.5 

Lutecium ’ ut Luii 

, 175.0 

1 terbium) 



Magnesium 

■Mg'j 

24.32 . 

1 Yttrium 

Yt 

89 33 

Manganese 

Mn 

54.93 

Zinc 

Zn 

65.87 

Mercury 

.'Molybdenum 

Hg 

Mo 

200.6 

96.0 

1 Zirconium 

Zr 

90.6 
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